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Preface 

Marine Geosc ience in Canada involves member s of most of the Canadian Geoscience Counci l's 
constitue ncy . Starting with the Counci l's first report 1 (Geological Survey of Canada, Paper 75-6 ) 
each annual report has carr ied a brief commentary on the st atus of Canadian marine geoscience. 
Shortly after the Counc il was formed, Yves O. Fortier suggested that a review of the effort being 
made in the earth scie nces offshore was needed. This need became inc reasingly appa rent with each 
succeeding annual report, and in 1979 a Marine Geoscience Committee was fo rmed with R.D. Johnson 
as Chairman and the work commenced whic h led to the present report. 

This "status report" presents the geoscience communi t y involvement in the marine areas of 
Canada. It provides some appreciation of the nature and dis tri bution of the activities of scientists 
and engineers in govern ment, university and industry, and draws attention to sectors of strength as 
well as weakness. The guiding purpose of the report is to gain insight into the present e ndeavou r , 
capacity and out look fo r marine geoscience in Canada. 

In this report "marine geosc ience" is not lim ited to geological oceanography, marine 
geotechnology and sha llow geophysics but rather includes a ll of the earth sciences involved in 
re searc h, evaluat ion and development of the offshore a reas of Canada and the Great Lakes . The 
papers presented are from a wide spectrum of recognized workers in various fields a nd describe a 
large part of the cu rrent activities and those fore seen in the future in the marine geosciences in 
govern ment, industry and university. 

The Overview sum marizes the status of marine geoscience in governments, universities and 
industry from papers in the body of the report. The Conclusions a nd Recommendations are those of 
the Committ ee . They arise in part from points made by individual contributors, in part from a 
consensus of severa l contributors, and in part from value judgments based on work experience and 
from assembling this report. 

This report is the product of a volunteer effort. The Canadian Geoscience Counc il is therefore 
particularly grateful to the Committe and contributor s fo r providing a scan of informat ion from 
which its Marine Geoscience Committee can take st eps to remedy differences, fill gaps and genera lly 
improve the status of the Marine Geosciences in Canada. 

J.O . Wheeler, President 
Decem be r, 1981 D. W. Strang way, Past President 
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1. OVERVIEW, CONCLUSIONS AND RECOMMENDATIONS 

This report has been prepared by the Marine Geoscience 
Committee for the Canadian Geoscience Council. It is a 
status report of the present activities and foreseeable future 
of marine geoscience in Canada as perceived in governments, 
universities and industry . Marine geoscience is taken to 
include all the diverse activi ties of all the geosciences as 
they are practi sed in, or pertain to, the different marine 
areas of Canada . Major points from each of the papers are 
summarized in the overview . Conclusions and 
recommenda tions presented are those of the Committee, 
based on points made in the various pa pers, and opinions 
formed in the process of assembling this report. 

OVERVIEW 

The report is presented in four sections: Introduction; 
Government, including federal, provincial and international 
aspects; University; and Industr y. 

In the Introduction, G .E. Reinson describes the physi cal 
setting in whi c h the marine geosciences operate. Canada's 
offshore domain encompasses a vast region, half the size of 
our land a rea. Much of this region is covered by hosti le ice
infested waters. M .J. Keen discusses the development of the 
marine geosciences in Canada and comments on our 
successes, limitations and outlook for the future. 
G.E. Reinson describes the relative ly high leve l of activity in 
the coastal regimes during the past decade and comments on 
the reasons for this inc reased activity. The level of future 
marine geos cience activity in Canada will be influenced by 
present domestic and internationa l disputes over sovereignt y 
a nd authority, described by Rowla nd Ha rrison. Resol ution of 
these disputes will affect both the size of Canada's marine 
offshore area a nd the intensity of futu re development of 
offshore resour ces. A.E. Palli ster fo resees that in the decade 
ahead, marine geoscience will be driven and dominated by the 
search for petroleum . 

In the Government section, M.J. Keen presents a unique 
summar y of how and why various sec tors of the Federal 
Government are involved in the marine geosciences . Mar ine 
geoscience programs are funded by Parliament and involve 
co mplex relationships betwee n departments, agencies, 
sec tors, branc hes, e t c . The number and diversity of 
activities and achievements by the Federal Government 
indicate that interdepartmental co-operation has generally 
been highly successful . Keen paints a picture of a federal 
organization reasonably well a ttuned to the demands of our 
marine environment but which suffers from lack of 
equipment and staff with whi c h to do the research whic h is 
and will be needed. M.J. Kee n's comment that we are 
entering the 80s with shi ps that were adequate for the ear ly 
60s is succinct. Despite the signifi cant accompli shments by 
federal agencies in their traditional role of mapping and 
understanding the geological environment of Canada 's vast 
offshore, an immense amount remains to be done. C.P . Le wi s 
believes this is particularl y true for the north. Keen 
indicates that while the Federal Government c urrentl y spends 
$15 million annuall y on programs di rectly involving marine 
geoscience, thi s support is already thinl y spread over the 
broad array of marine geoscience program s invol ving many 
federal agencies . In a separate paper on the Fede ral 
Environm enta l Assessment Review Process (EARP), Keen 
stresses that there is a lso a n increasing load of resource a nd 
environmental assessment being required of federal 

organizations originally designed to obtain baseline 
information and undertake research . Keen concludes that 
without a dditional funding, s taff and equipment, this 
increased load will res ult in a serious dilution of researc h 
capability, a nd reduced a c quisition of baseline data by the 
Federal Government. 

The Harrison and Townsend-Gault paper on the c urre nt 
domestic a nd internationa l dispute over the bounda ries and 
jurisdiction of Canada's continenta l ma rgin hi ghli ghts the 
achievements of the Federal Government in marine 
geoscience in the li ght of confli c t and uncerta int y. 
Resolution of the Law of the Sea negotiat ions is li ke ly to 
further inc rease Canada's responsibility over the offshore . 
Petroleum reso urce developm e nt in particular is seen as a n 
impetus to the resolution of domestic confli cts regarding 
sovereignty and authorit y over off shor e resources in the 
coming decade. 

Two papers consider Canada's rol e in international 
marine geosciences . The fi rst, by C .E . Keen, D .J .W. Piper 
and M.J. Keen, briefly out lines Canadian parti c ipation in 
severa l projec ts , while the second "international" paper by 
M .J . Keen outlines Canada's proposed invol vement in "The 
Deep Sea Drilling Projec t". To date our fi na nc ia l 
participation in internationa l projects has been miniscule. 
Both papers stress the benefits to Canada of continued a nd 
increased parti cipation in international proj ect s . 

R.D. Johnson's survey of various provinc ial government 
contributions indicates that provincial involvement in marine 
geoscience is small and predominantl y oriented to the support 
of univer si ty programs a nd some research projects, as well as 
limited shoreline work . Johnson indicates that maritime 
provinces may inc rease their participation in ma rine 
geoscience should there be a legal resolution of provincia l 
right to offshore resour ces. 

The University section provides insight from a number 
of contributor s across Canada . These authors outline the 
centres where mar ine geosciences are being taught, levels of 
funding, a reas of researc h a nd num be rs of graduates . The 
expenditure by universities in marine geoscience is about 
$2 million pe r year. The principal universities in vo lved in the 
marine geosciences are Da lhousie, the Universit y of British 
Columbia, McGill and the University of Quebec at Rimouski . 
In general, universities have traditiona ll y stressed the coastal 
geosciences (parti cularly geomorphology, sedim e ntology a nd 
environmental shoreline mapping) rel a tive to other a reas of 
marine geoscience; Mc Master University in Ontario is one of 
several recognized centres fo r work in coastal regimes . The 
Committee notes two particular institutional shortcom ings: 
there is no centre in Canadian universities with an 
outstanding internationa l reputation in marine geoscience , 
and there is no recogni zed centre fo r marine engi neering and 
geotechnology. 

University research has provided major contributions to 
the unde rstanding of our offshore areas, however, most 
papers indica te that universities are li mited by a peren nial 
"lack of adequate fundin g" a nd "lack of ship time". Both of 
these are seen as severely limiting the institutions in their 
ability to meet their mandate. The present lack of post
graduate candidates, pa rti c ularly Canadian national s, is also 
viewed as a major problem to future expansion of the 
Canadian marine geoscience communi ty . 



Papers in the Industry section indicate that by far the 
greatest expenditu re of money and scientific effort in 
Canada's offshore areas has been directed toward the search 
fo r petroleum. K .P. Appleton states that cu rrentl y one-fifth 
of the world's known reserves are in offshore fields, a nd that 
this fact supports the philosophy that the offshore a reas 
justify the high risk and huge amounts of capital expenditure 
required for exploration . Recent petroleum discoveri es at 
Hibernia off the east coast and in the Beaufort Sea appear to 
support this view . 

The petroleum industry is seen as the dri ving 
mechanism for greatly increased activi t y in the geosciences . 
Papers by Appleton, Roth, and Meneley and Rayer, provide an 
extensive review of the barebone facts of money spent, holes 
drilled and kilometres of seismic "shot", then describe the 
range of technical requirements foreseen for the next two 
decades. The total effort in terms of capital and experti se is 
awesome compared with federal expenditures on research and 
regul a tion . Appleton 's figures indicate that in 1979, industry 
spent some $400 million in seismic and dri lling compared to 
federal program expenditures of $15 mi lli on per year 
indicated by Keen. Meneley and Rayer st ress that, since 
Canada faces unique problems due to ice-infested waters, 
marine geotechnical skills a re urgently required to develop 
new cold water technology . 

The Committee notes that the petroleum industry has 
spent over $3 bi llion to date in seismic and drillin g, and 
roughly one third each has been spent in the Great Lakes, 
East Coast and Beaufort Sea. There is no figure as to the 
professional component, but the conceptuali zation, planning 
and execution of these enterprises depends heavily on 
geological, geophysical and engineering skills. The 
Committee agrees with the conclusions of Meneley and 
Rayer. The immediate future demand for marine geoscience 
in Canada will be close l y Jinked with the escalating demands 
of petroleum offshore exploration and exploitation. Less 
visible factors, however, including mineral shortages, 
environmental problems (including climate), technology, 
hum a n rights, and disparity between nations, will also 
contribute to the demand. 

Mining, dredging and the outlook for explorat ion other 
than in hydrocarbons are discussed in two papers by D . Pasho. 
Pasho foresees only a modest increase in the demand for 
marine geosc ience expertise in this sector, with the 
exception of a marked increase in demands related to 
dredging associated with petroleum activity . In particular, 
dredging in the Arctic will require special la rge-capacity 
equipment to meet the deadlines imposed by the sho rt ice
free working period . Pasho also foresees increased mi ning of 
sand and gravel in response to local shortages on shore. 
Pasho notes that placer mining may also develop as baseline 
inventory programs by federal agencies lead to delineation of 
areas of interest. 

The general groupi ng of contracting and consult in g 
includes papers on airborne geophysics, acti vities in cold 
regions and, on the West Coast, engineeri ng design and the 
Seabed Project. 

Canada has for many years been one of the world 
leaders in the ai rborne geophysics industry. N .R . Paterson 
reports that large areas of Canada's continental shelf were 
surveyed in the late 1960s and earl y 1970s. These data have 
been particularly useful in the broad geological interpretation 
of these areas and have played a significant part in the 
start-up phase of petroleum exploration . Paterson reports 
that ver y little work is being done at present . However, 
advances in both instrumentation and interpretative 
techniques, coupled with improved navigation, should lead to 
renewed interest. Paterson feels that these factors, when 
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Jinked with access problems of conventional methods, 
particularly in the Arctic, give every indication that activity 
will inc rease in this fie ld. 

Two other papers give some insight into the effort and 
outlook for consulting a nd contracting in general. MacDonald 
considers marine geoscience cont racting to be in decline on 
the west coast, and Clark evaluates the level of research and 
development for co ld water projects as being ext rem e ly 
small . In a second paper, Clark emphasizes the importance 
of research and development in acquiri ng expert ise in 
geotechnology for enginee ring and design consideration . An 
important reference for this paper is the recent report of the 
Task Force on Marine Geotechnology in Canada to the NRC 
Associate Committee on GeotechnicaJ Research . The level 
of marine geotechnicaJ activity is anticipated to increase 
greatly in response to the needs of the petroleum industry fo r 
offshore engineering design and construction. 

An account of the "Seabed Project" by R .W. Hutchins is 
included under the Ind ust r y section since this project was 
generated by industry as an unsolicited proposal to 
gove rnment. It represents a unique technical development 
and involves the co-operat ion and co-ordination of scientists 
in government, university and industry. 

CONCLUSIONS AND RECOMMENDATIONS 

Based on their assessment of the contents of the papers 
and the experience in the preparation of this report, the 
Committee offers the fo llowing observations and conclusions 
on the status of marine geoscience in Canada. 

The rationale that establishes a national need to map 
and inventory resources onshore, and to protect the 
environment, applies equally to the regions Canada claims 
offshore . The re is also a need to be a participant in global 
aspects of marine geoscience, a nd in the international 
assessment of deep sea resou rces, for national gain, as well 
as for the economic and political aspects of international 
association . The exploration and exploitation of hydrocarbon 
resources on the continental shelf and slope in particular, is 
seen as the mai n force dri ving the demand for marine 
geosciences expert ise in the next decade . Canada needs to 
develop appropriate technologies and sufficient expertise so 
it can meet the anticipated demands for offshore 
development and associated envi ronmental protection. 
Failure to do so will leave few alternatives to the 
importation of high levels of expert ise. If this importation 
occurs, Canada will have Jost the opportunity to develop the 
talent and experience necessary to ser ve its ow n needs, as 
well as the capacity to develop talent for export to 
developing nations. 

Government agencies such as the Geological Survey of 
Canada, Earth Physics Branch and the Canadian Hydrographic 
Service are direct contributors to the GNP because they 
provide ser vices directly related t o exploration and 
exploitat ion. Their substantial cont ribution to date indicates 
that the efforts of these departments should not be reduced 
on account of general fisca l constrai nt at a time when 
resource and envi ronmenta l assessment are being added to 
the traditional governmental roles of inventory and research. 
The current level of fede ral a nd provincial funding 
(approximately $25 million) for exercisi ng stewardship over 
marine resources may appear substantial; when a naJyzed in 
terms of the numbe r of required activities, however, it is 
obvious that the funds available are far too few fo r such 
diverse requirements. The Federal Government needs to 
construct an adequate fleet for scientific work in Canadian 
waters, ra ise the quality of instrumentation avai lable for 
research, and increase the capacit y of the government to 
meet increasing demands fo r data aquisi tion, research a nd 
regulation of offshore lands. 



Canadian universities also lack funding, shiptime and 
equipment. There is no university institute in Canada 
comparable to Lamont-Dohert y Geologica l Observatory, 
Woods Hole Oceanographic Institution or Scripp's Institution 
of Oceanography. Although joint activities by universities 
and fede ral institutes are an attempt to fill this gap, 
difficulties arise since the primary functions of the two 
groups a re different. Further, there is no university in 
Canada adequately addressing marine engineering 
geotechnology. Without substanti a l university involvement, 
marine geoscience will be unable to meet a nticipated 
demands for research and expertise, particularly in the 
applied areas of resource deve lopment. 

Industry's demand for marine geoscience is anticipated 
to escalate in the coming decade, particularly with re spec t to 
petroleum resource development. Inc reasingly higher levels 
of expertise and resea rch are required. Industr y will be 
unable to meet its own needs without the development of 
specialized industries (i .e . marine geotechnical) . These 
spec ialized industries will not be availab le when needed if 
they do not receive support from industry and government 
immediately . Thi s is especially true where the trend is one 
of decline . Federal support by "contracting-out" shou ld not 
be limited to providing second-level "laboratory and field" 
services to government scientists, as is partly the case at 
present . It must a lso include senior interpretive services if 
Canadian science and engineering contract industries are to 
develop in time to meet national demands for offshore 
resource development . 

There are many critica l chaJJenges and opportunities 
facing the Canadian marine geoscience community. The 
Committee has identified some of these: 

A. The federal government can expect to face new 
chaJJenges and opportunities with regard to maintaining 
and further developing the requisite technical facilities 
and professional manpower that it will require to expand 
the marine geoscience data base, increase the scope and 
depth of resea rch activities, and to foster and regulate 
offshore resource development and environmental 
protection : 

I. Rising fuel costs make it impossible to even maintain 
past levels of utilization of research vessels without 
large increases in financial aJJocations for the 
operations of these research vessels. 

2. The existing flee t of research vessels was designed to 
meet the cha llenges of the 1960s and 1970s. It cannot 
be expected to serve the expanded demands a nd new 
tech nological opportunities of the 1980s and 1990s. 

3. New technological developments such as deep marine 
multichannel seismic systems, Jong range sidescan 
instruments, hydraulic piston coring devices, and deep
towed instrumental facilities offer the prospect of 
much more thorough and rapid investigations in the 
offshore realm, but require significant commitments 
of financial re sources. 

4. Marine geoscience activities in the Federal 
Government are dispersed through many agencies, 
departments, sections, branches and divisions. 
Although the present efforts to co-ordinate are to be 
commended, effective communications, co-operation 
and integration such as might be fostered by a n 
Interdepartmental Committee on Marine Geoscience, 
may offer possibility of more economic use of 
facilities and personnel. 

B. Increased industrial activity in the offshore regions of 
Canada, associated with resource development and 
transportation wiJJ create an increased demand, in 
Canada, for marine geoscience and geotechnical services 
from industry. This will present special cha llenges and 
opportunities for the development of a strong and 
effective marine geoscience and geotechnical resea rch 

and service industr y in Canada; but special efforts on the 
part of fede ra l a nd provincial governments, industry and 
the uni versities will be necessary to provide the 
environment in which such a strong Canadian marine 
service industry will develop quickly enough to meet the 
anticipated growth in demand. 

C. The problem of meeting the anticipated growth in demand 
for professional expertise in ma rine geoscience a nd 
geotechnology represents a specia l challenge for the 
federal a nd provincial governments, and for industry as 
well as for the Canadian universities. If this demand is to 
be met by Canadian universities, they will have to take 
new initiatives in developing the appropriate academic 
and research facilities, and will require support from 
industry and t he federal and provincial governments in 
pursuing these initiatives . Industry and universities may 
need to co-operate in developing research programs, and 
in encouraging postgraduate work in marine geoscience 
and geotech ni cal studies. 

The Committee is unanimous in recognizing these as 
some of the more important problems that require thorough 
investigation and prompt action. Recogn izing this need, and 
the general need fo r better communication, co-operation and 
coJJective action among the various groups involved in 
Canadian marine geoscience and geotechnology activities, 
the Committee recommends that the Canadian Geoscience 
Council establish a standing committee on marine 
geosc ience. The Committee on Marine Geoscience should be 
responsible for monitoring the cu rrent developments and 
future requirements in Canada in marine geoscience . Its first 
task should be an investigation of the problems identified in 
the 1980 report. 

The Comm ittee shou ld include twelve to fifteen 
members drawing approximately equal numbers from: 

I. The Federal Government, including various agencies but 
with at least one membe r common to the proposed 
Inte rdepartmenta l Committee on Marine Geoscience; 

2. The provincial governments, with at least one from each 
of the western , central a nd Atla ntic region s; 

3. The universities, including representatives from separate 
universities in different regions a nd preferably of 
different disciplines; 

4. Industr y, mem bers at large and from recogni zed industry 
groups e.g . Arct ic Petroleum Operators Association 
(APOA), Eastcoast Petroleum Operators Association 
(EPOA), Canadian Petroleum Assoc iation (CP A), and 
Independent Pet roleum Association of Canada (IP AC). 

The c hairmanship shou ld be rotated among the four 
sectors of Canad ia n marine geoscience that are represented 
in the Committee. Members of the Committee should, but 
need not, come fr o m the societies and associations within the 
CGC. The quali f ications of candidates and the distribution 
requirements for members of the committee, should be given 
highest priority. At least two members of the proposed CGC 
Committee on Marine Geoscience should be members of the 
Canadian Committee on Oceanography, in order to provide 
formal liai son with the Canadian Committee on 
Oceanography. 

Implementation of this recommendation will facilitate 
dialogue between scientists in government, university a nd 
industry, and promote greater recognition of each other's 
problems, ca pabil ities and resour ces. It will increase the 
publi c profile of marine geoscience in Canada. Most 
important, it will provide the Canadian Geoscience Council 
with a mechan ism for preparing and presenting well
documented arguments to aid the marine geoscience 
community in meeting the demands of the coming decade. 
The result will be a stronger, integrated and co-ordinated 
effort of marine geoscience in Canada toward the 
advancement of science and the benefit of the nation. 
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2. INTRODUCTION 

This report is an account of the cu rrent status of the 
Canadian geosciences in the marine areas of Canada with an 
erriphasis on future requirements. It is not a t echnical report 
but rather concerns itself wit h an overview of the 
distr ibution, magnitude and type of activities in the marine 
geos ciences as practised across Canada by government, 
university and industry sectors. 

The involvement of the geosciences in the Canadian 
offshore and in t he ocean basins has been slowly grow in g ove r 
the past three decades . What was originall y the preser ve of 
indi vidual scientific enquiry became a matter of national 
necessity because of the need to establish sovereignty and to 
map, inventory, and regulate in the national interest . Canada 
developed a small but exce ll ent coteri e of marine 
geoscientists within its civi l service and universities . For the 
past two decades the petroleum indust r y has explored the 
continental shelf off Canada. This activity has in volved a 
large number of scientists and engineers direct ly employed by 
industry . Requests by industry fo r related government 
ser vices and the need to regulate the increased act ivity has 
caused government organizations to grow . Universities have 
been asked to under take research parti cularl y directed at the 
solution of operational problems. With the recent discoveries 
of commercial hydrocarbon reserves, there is a surge of 
interest in the marine geosciences arising from increased 
exploration as well as from offshore development requiring 
exploitation technology. This report provides insight into the 
present status of the marine geosciences as perceived in 
government, university and industry sectors, and the future 
requirements of these sciences . 

The report is presented in three main sections : 
Gove rnment, University, a nd Industry, preceded by an 
introductor y section on the physical setting, sovereignty, past 
activity a nd outlook . 

In this brief introduct ion, G.E. Reinson gives some 
simple statistics that should be kept in mi nd wh il e 
consider ing the statements of al l the other authors : Canada 
has the longest coastli ne of a ny nation; the marine a rea is 
about half the size of the land area; nearly half the marine 
a rea is under semi-enclosed waters ; of these huge a reas, 
ninety per cent li e under ice -infested water. The enormous 
extent of the area and length of coastline and the 
requirement to understand and operate in ice-infested waters 
are dominant facto rs which challenge the skills an d 
capacities of the earth sciences . Reinson, now a consultant, 
has had extensive exper ience wi t h the Federal Government 
on coastal and surficial marine problems . 

M .J. Keen provides a personal view of the 
accomplishments of the marine geoscientists in Canada . 
Keen traces the productive effort of small groups of people: 
the beginnings of scattered wor k in t he 20s and 30s, the 
development of academic institutions of the 40s a nd 50s, the 
inc reasi ng scope of governm ent pro jects of the 60s and 70s 
and the mush room in g efforts of oil exploration from the 50s 
to our current success. He considers Canadian contributions 
to knowledge of global tectonics, ocean basins, and 
continental mar gins, and parti c ularly to the geology of our 
own shelf and s lope where truly significant advances in 
interpretation have been made in a ll three ocean areas. Keen 
touches on our contributi on to know ledge of coastal regimes 
and environmental protec tion and cites noteworth y examples 
of advances in instrumentation including the earl y use of 
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on - board computers , satell ite navigation in scientifi c work, 
deve lopment of a rock co re-drill, a nd use of the submersible 
Pisces IV for geological mapping. Factors which limited, or 
detracted from t he national development of marine 
geosciences are noted, including the lack of resolution of 
poli tical questions of ownership, the too frequent changes of 
depa rtmental authorit y, the need for coherent policy on 
national and int ernational aspects, a nd the need for more 
money a nd more people. Above all, Keen provides a sense of 
tim ing: a lthough the marine geosciences a re young in 
Canada, we have made good starts and done good work; we 
have found a lot of oil; and we have c reated the mechanisms 
to protect the environment. Central to the final 
recommendation of this status report, he shows how 
scattered the wor ks are, how new the institutions, and how 
im permanent t he regulat ions have bee n. 

G.E . Reinson bri ef l y outlines the present relative ly high 
level of coasta l geoscience activity in Canada, a nd touches 
on the reasons fo r the increased interest in the coastal zone. 
lt is noteworth y that Canada's coastal workers from 
universit y, govern ment and pr ivate sectors began to 
co - ordinate a nd organi ze their efforts during the late 1970s. 
Reinson fee ls such co- operation and dia logue is essential in 
orde r to maintain the present level of coastal geoscience in 
the future . 

R.J . Ha rr ison discusses the current status of the 
sovere ignty a nd authority unde r which Canada's offshore 
a reas wi ll be mapped, inventoried and regulated, as well as 
explored and exploited . Jur isdiction over the continental 
margins of Canada is in the process of emerging from 
domestic uncertainty and internationa l co nfli c t . 
Domestically, this is la rgely due to oi l discoveries off 
Newfoundland and, internationa ll y, to the Law of the Sea 
Confere nce being c lose to agreement. If the outer limit 
inc reases, there will be an inc reased demand on marin e 
geoscience for base line data necessary to manage both the 
li ving and non-living resources of thi s vast region. At the 
same time, resolution of domestic uncertainties regarding 
offshore petroleum resource rights will affect exploration 
a nd the demand for research a nd expertise in the applied 
a reas of marine geoscience. Ha rri son is Executive Direct or 
of the Canadian Institute of Resour ce Law and an authorit y 
on Canadian involvement with the Law of Sea conferences . 

A.E. Pa llister has been active in mar ine affairs as a 
geophysicist, a senior executive and as a member and officer 
of the Science Council of Canada . He was active as a 
princ ipal founder of C-CORE (the Centr e for Cold Ocean 
Resources Engineering) at "Memor ial" . In hi s out look paper 
Pa lli ster's a tte nti on is totally conce rned with the role of the 
marine geosciences in the next decade in the search and 
exploitation of hydrocarbons in Canada's offshore areas . 
Palliste r believes tha t petroleum activ ities wi ll be the major 
impetus dominating mar ine geoscience in Canada for the next 
decade . The manner and extent of this involvement is 
developed fu rther in the Indust r y section of t his report. 

C ANADA'S MARINE AREAS - G .E. Reinson 

The immensity of Canada's mari ne regions (Fig. 2. 1) can 
be put into perspective when we consider the fo ll owing facts . 
Canada has a longer coastline (Table 2. 1) than a ny other 
country in the wor ld (nearly 250 OOO km). The area of her 
conti nental shelves is about 1 354 OOO km 2

, and of her 
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Figure 2.1. Oceanic r egions adjacent to Canada (based on Chart 800, 1971, of Canadian 
Hydrographic Service). 

continental slopes, some l 457 OOO km 2 (Table 2.2). Some 
2 220 OOO km 2 of enclosed marine waters (e.g. Gulf of 
St. Lawrence , Hudson Bay, Hudson Strait, Arct ic 
Archipelago) are confined within the extremities of Canada's 
land areas : this is roughly the same as the combined a reas of 
British Columbia, Alberta and Saskatchewan. Canada's total 
submarine area including shelf, slope and enclosed marine 
waters is 5 03 1 OOO km 2

; this figure is equivalent to more 
than 50 per cent of the total land area of Canada. 

Canada's marine area is divisible into three main 
geographical regions, the Pacific, Atlantic and Arctic 
continental margins. Each of these regions displays distinct 
physical c haracteristics whi c h are controlled by a 
com bination of geological, climatic, and oceano graphic 
factors . Jn addition to her marine regions, Canada is blessed 
with the Great Lakes system, the largest surface area of 
freshwater (245 OOO km 2

) in the world. 8 The Great Lakes 
syste m, with an estimated coastline length of 15 OOO km on 
the Canadian side and with water depths attaining 400 m 8 , 

presents simi lar technological and scientific challenges as 
Canada's ocean regions, and thus should be included within 
the realm of "marine" geoscience activity in Canada . 

Pacific Margin 

The Pacif ic continental margin (Fig. 2.2) adjacent to 
Brit ish Columbia, lies at the boundary between the Pacifi c 
and American tectonic plates. 8 Thi s setting is reflected in 
the morphology and geology of the coast and ad jacent shelf 
a nd slope . The coastline is structurally controlled and 
dominated by mountains and fiords. The abundance of inlets, 
fiords and islands give the coastline a generally rugged a nd 
irregular c harac t e r, the exception being the small coastal 
plain of the Fraser River delta. The continental shelf is 
narrow a nd drops sharply to oceanic depths a long a line that 
pa rallels the Vancouver Island-Queen Charlotte Islands 
headlands. West of Queen Charlotte Is lands the shelf edge is 
only 6.4 km to seaward, where it abruptly descends to a depth 
of more tha n 1000 metres. Off Vancouver Is land the shelf 
edge lies some 32 km to seaward, having a maximum width of 
80 km at the entra nce to Juan de Fuca Stra it. 

Mean tidal ranges on the Pac ific coast vary from 2 to 
5 m. 3 On exposed coasts the wave climate is a high-energy 
swell-wave environment with offshore wave heights greater 
than 1.5 m during 40 to 50 per cent of the year , and greater 
than 3.0 m durin g 30 per cent of the year . 8 Sea and shorefast 
ice are virtually a bsent a long the Pacific margin, except a t 
the head of embayments and fiords where minor ice 
accumulations ma y often occur during winter months. 
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Atlantic Margin 

Canada's Atlantic marine region (Fig. 2.3) extends from 
the United States border to Cape Chidley in northern 
Labrador. The Atlantic continental margin is tectonicaJJ y 
stable, relative to the Pacific margin, and lies on the 
tra!lrng-edge of the continent. 7 Thus the Atlantic margin is 
relatively broad and expansive, having been influenced more 
by .Pleistocene glaciation, and by Mesozoic and Quaternary 
sedimentary processes , than by purely tectonic controls. The 
Atlantic coastline is some 45 370 km in length (Table 2.1) and 
is dominated by low relief glaciated roc ky shorelines with 
numerous structuraJJy controJJed bays and estuaries. 
Exceptions to this general coastline physiography are 
northern Labrador, which is a mountainous fiord coast· the 
semienclosed gulf of St. Lawrence J ying ad jacent to' the 
Maritime coastal plain, which features man y sandy barrier
beach shorelines, and the Bay of Fundy coast, which is 
domrnated by broad intertidal sand or mud flats. 

The Atlantic conti nental shelf is generaJJy Jess than 
200 m deep with a low gradient of 1:1000, and is divisible into 
three regions: Scotian Shelf, Grand Banks, and Labrador 
Shelf. 1 The Scotian Shelf averages 200 km in width, with a 

Table 2.1. Canada's coastline measurements (km) 4 8 

PACIFIC COAST 25 717 (10.5 %) 
Vancouver Island 3 496 
Queen Charlotte Islands 2 623 

ARCTIC COAST 172 950 (70.9 %) 
Queen Elizabeth Islands 34 259 
Hudson Bay 13 348 

Baffin Island 28 302 
EJJesmere Island JO 747 
Vi ctoria Island 7 089 
Devon Island 3 588 
MelviJJe Island 3 107 
Axel Heiberg Island 3 060 
Prince of Wales Island 2 576 

ATLANTIC COAST 45 369 (18.6%) 
Bay of Fundy l 413 
Gulf of St. Law rence 7 496 

Newfoundland (not 13 656 
including Labrador) 

Cape Breton Island 883 
Prince Edward Isl and 260 

TOTAL: 244 036 km 

Coastline north of the Arctic Circle 110 863 (45.4%) 

Total mainland coast line 58 497 (24 %) 

Total island coastline 185 539 (76 %) 

Table 2.2. Area of principal physiographic elements of 
Canada's continental margins (km 2

)
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CONTI NENT AL CONTINENT AL 
SHELF SLOPE 

ATLANTIC 906 OOO 446 OOO 
ARCTIC 347 OOO 950 OOO 
PACIFIC 101 OOO 41 OOO 

TOT AL 354 OOO 457 OOO 
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discontinuous series of dissected submarine banks (40 to 
120 m b.elow sea le vel) extending along the outer edge . The 
Laurent1an Channel separates the Scotian Shelf from the 
Grand Banks, lying east and northeast of Newfoundland. The 
Grand Banks range up to 480 km wide and 725 km Jong. 
Northeast of Newfoundland, relief on the bank is 100 to 
200 metres and the shelf break lies at an abnormal depth of 
300 m. The southern part of the Labrador Shelf is up to 
640 km wide, and is characterized by an undulating surface 
rangrng from 80. to 250 m deep. The northern part of the 
Labrador Shelf is only about 120 km in width and at the 
250 m isobath slopes rapidly to oceanic depths. The northern 
Labrador Shelf is characterized by a series of broad shaJJow 
banks (80 m) which are separated from the coast by a 
margrnaJ channel whi ch attains water depths of 250 m or 
more. 

The re is a large 
3
variation in tidal range withi n the 

Atlantic coastal region. The mean range of 8 m in northern 
Labrador decreases to 1 to 2 m along the outer coast of 
Newfoundland and Labrador. The Gulf of St. Lawrence has a 
tidal range of Jess than 2 m, the St. Lawrence estuary of 
from 2.3. to 4 m at Quebec City, and the Bay of Fundy from 5 
to 12 m rn its upper reaches_. The Atlantic coastal region is a 
storm-wave environment with offshore wave heights greater 
than J .5 m during 40 to 50 per cent of the year. 8 Pack and 
nearshore sea ice occur during the winter months over most 
of the Atlantic near shore region except off southern Nova 
S . 2 3 8 s . cot1a. ea ice becomes more prevalent northward; fo r 
example the nearshore zone is ice-fast for up to 4 months 
each year in the Gulf of St. Lawrence and for up to 7 months 
each year in central Labrador. Icebergs are present 
throughout the year off Labrador and northern Newfoundland· 
these icebergs originate in the Baffin Bay - Greenland region'. 
and traverse southward with the Labrador Current. 

Arctic Margin 

The Arctic marine region (Fig. 2.4) extends from 
Hudson Strait northward through Davis Strait and Baffin Bay 
and then westward to the Yukon-Alaska border. Included 
within the Arctic marine realm is a vast expanse of enclosed 
marrne waters such as Hudson and James bays and the 
rnterisl and areas of the Arctic Arc hipelago. The Arctic 
coastline measures some 172 950 km, almost 71 per cent of 
the total coastline length of Canada (Table 2.1 ). The Arctic 
coastline is character ized by a variety of shorelines ranging 
from low relief, accretionaJ unconsolidated coasts 
(e.g., Mackenzie Delta), through low relief rocky coasts 
(e.g., Somerset and Victoria islands), to mountainous fiord 
coasts (e .g., northeast Baffin Island) . Thi s coastline variation 
is related. directly to g.eological features, as are the 
morphological features displayed by adjacent submarine 
margins. The Arctic Coastal Plain includes the terrain 
bordering the Arctic Ocean from Meighen Island to Alaska, 
and .extends beloiw sea level to merge with the Arctic 
contrnental shelf. North of the Queen Elizabeth Islands the 
shelf is some 130 to 190 km wide, with a near planar surface 
:"'hich slopes gently seaward at about 2.3 m per km. The 
111ter1sland channels merge with the shelf to a depth of 450 m 
and at the 750 m isobath the shelf edge breaks sharply to 

ENCLOSED MARINE 
WATERS 

232 OOO 
988 OOO 

2 220 OOO 

form a smooth but relatively steep 
continental slope. North of the 
mainland the Arctic continental shelf 
is shaJJower, with the coastal plain 
extending at the same slope beneath 
sea level to a depth of only 100 m 
some 80 km from shore . At this 
point the shelf breaks rapidly away to 
form an irregular, dissected 
continental slope whi c h drops steeply 
to ocean depths beneath the 
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Figure 2.2. Oceanic regions adjacent to western Canada (based on General Bathymetric Chart of 
the Oceans (GEBCO) Number 5.03, 1979). 
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Figure 2.3. Oceanic regions adjacent to eastern Canada (based on General Bathymetric Chart of 
the Oceans (GEBCO) Numbers 5.04 and 5.08, 1979). 7 



Figure 2.4. Oceanic regions adjacent to northern Canada (based on General Bathymetric Chart of 
the Oceans (GEBCO) Nu mber 5.17, 1979). 

Beaufort Sea. 1 The submarine area beneath Davis Strait, off 
eastern Baffin Island, displays a broad sloping shelf whi c h 
reaches a depth of 600 m some 160 km offshore, at which 
point the sea floor slopes steeply southeastward to depths of 
3000 m. Along the northeast coast of Baffin Island, the she lf 
is extremel y narrow (less than 30 km) with a sinuous rim at 
the 200 m isobath, which then slopes off abrupt! y into the 
2000 m deep Baffin Bay Basin . 1 

Mean tidal ranges vary from 7 .3 m at Frobisher Bay and 
3.4 m in Hudson Bay, in the southeast part of the Arc ti c 
marine region, to Jess than 0.5 m at Tuktoyaktuk along the 
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shorelines of the Arctic Coastal Plain. 2 3 8 The wave 
climate is generall y one of very low wave energy because of 
the short fetches and the extremely short open water period. 
The most prominent feature of the Arctic marine region is 
the persistent presence of sea and shorefast ice which 
nullifies wave generation and Ji ttora l processes for much of 
the time. In winter and spring there is solid ice cover over 
all of the waters in the Archipelago, and a three-fourths 
cover over Lancaster Sound, Baffin Bay, Hudson Strait and 
Hudson Bay. In the Queen Eli za beth Islands and the adjacent 
Arctic continental shelf, there is no open water season at all 
in some years. 8 



Great Lakes 

The Great Lakes straddle the Precambrian Shield and 
the St. Lawrence Platform borderland, their basins having 
been formed by the scouring action of PJeistocene glacial 
events. 1 The coastli nes of the Great Lakes are dominated by 
low relief (<20 m), rocky or c Ji ffed coasts, and in Jakes Erie 
and Ontario, c liffs cut into unconsolidated glacial deposits 
have provided material for beach development a long the 
north shores. 8 The Great Lakes are tideJess, but large 
enough to experience a low energy wave climate, with wave 
heights attaining 1. 5 m for 20 to 30 per cen t of the open 
water period . Ice occurs on the Jakes for a period of 3 to 
4 months each yea r, but rarely are the lakes completely 
frozen over. 8 

Most of Canada's coast line lies in the Arctic or 
Subarctic and most of her marginal marine areas a re ice
covered or ice-infested for at least part of each year. Jn 
addition, 44 per cent of her marine waters lie within the 
Arctic Archipe lago and large semi-enclosed bays and straits . 
These two factors, the persistent presence of ice, and the 
existence of much of the marine realm within the extremities 
of Canada's land areas, present special chal lenges in 
achieving the technologica l and scientif ic expertise needed to 
conduct successful exploration and exploitation programs in 
Canada's marine regions. 

Specific challenges al ready c lea r to Canadian9 a re the 
exploitation and production of li quid hydrocarbons from the 
Grand Banks Hibe rnia field and Beaufort Sea, and production 
and transport of high Arctic natural gas, without c reat in g 
potential environmental and economic disasters to Canada's 
renew ab le marine resources. The extension of the fi she ries 
jurisdiction to a 200-mile limit on January 1, 1977, makes it 
imperative, both from a domestic and an international 
viewpoint, that Canada inc rease its resolve to achieve 
optimum expertise in marine geoscience activi ty. 

THE EARTH SCIENCES AT SEA: SOME OBSERVATIONS 
ON CANADIAN ACCOMPLISHMENTS - M.J. Keen 

The success of Hibe rnia P-15 in 1979 was a dramatic 
consequence of the explosion of our knowledge of the 
Canadian offshore and ad jacen t ocean basins in the last 
twenty-five years. The explosion began in the late 1950s ; 
work before that time had been rather sporadic . 

Studies of modern marine invertebrates, some 
undertaken in connection with in vestigations of the 
PJeistocene, were carried out as ea rl y as 1835. 136 Jn the 
nineteenth and ea rly twentieth centuries, American scientists 
studied materia l which had been recovered by fishermen or 
which they had dredged themselves a nd c onc luded tha t 
Tertiary and Cretaceous sedimentar y rocks occur from 
Newfoundland to Florida . 19 118 126 127 Sedimentation in the 
Fraser River Delta was investigated in 1921 in connection 
with improvements that were needed for navigation, and 
these studies showed as a byproduc t that the average range 
of seaward advance of the delta had been about 3 m per years 
in the preceding sixty years . 54 A glacial origin for the 
Laurentian Channel was put forward in 1931, 111 and the 
bathymetry and the characterist ics of sediment samples from 
the Labrador Sea and Baffin Bay were described in 1932 as a 
result of the U.S. Coastguard's "Marion" expedition. 104 A 
recent account of the breakthrough by the Horton River into 
Franklin Bay used to advantage the observations of the 
coastline of the western Arctic made on Franklin's second 
expedition. 75 The Fisheries Research Board of Canada, 
founded formally as the Biological Board of Canada in 
1912, 103 appears to have played a modest role in marine 

geology in the early part of the century, but its most notable 
geological contributions, concerning the Gulf of 
St. Lawrence, appeared in the 1960s a nd 1970s. 73 

Th e pace of investigations offshore accelerated in the 
1950s. Lamont Geological Observatory made seismic 
refraction observations off Nova Scotia and the Grand Banks 
and, as a result, suggested that a substantial thickness of 
sediments Jay beneath the shelf and slope, analogous to those 
beneath the coastal plain of the eastern Uni ted 
States. 89 98 Willmore and his coll eagues from the Dominion 
Observatory investigated Sable Isla nd, and the structure of 
the Gulf of St. Lawrence, 137 in this latter case asking the 
question "does the circular shape of the southern coas tline 
ref lect a meteorite crater?" . References to early work will 
be found in the bibliography . 15 26 61 00 83 85 112 

The onset of the explosion in our know ledge came at 
the end of the 1950s, and the years 1958 to 1960 were 
perhaps the most important. Mobil Oil Canada Ltd. leased 
0.5 million hectares of exploration permits around Sable 
Island in 1959, and seismic exploration for Richfield Oil was 
begun off the west coast . Seismic work began in 1960 off the 
east coast and in the Beaufort Sea. The National Research 
Council helped Da Jhousi e University found its Institute of 
Oceanography in 1960, creating a s ister to that of UBC 
started in 1949. They were funded substantiall y for the time 
by the National Research Council, and shiptime was provided 
by federal agencies, an ar ra nge ment which has continued to 
the present . Th e Polar Continental Shelf Project was 
founded in 1958 which proved beneficial for the earth 
sciences. Its field capabili ties and initially its own scientific 
and technical staff Jed in the next decades to substantial 
contributions by the Project itself, and by the people they 
supported in the Arctic, onshore and offshore . 39 

The Geological Survey of Canada, through 
L.W. Morley 's initiatives, began aeromagneti c surveys 
offshore in 1958, and initiated co-ope rative studies with the 
Canadian Hydrographic Service in 1959 , towing a 
magnetometer astern their vessels . 10 11 This established a 
tradition continued in various ways until now, so that 
potential fie ld and ba thymetri c maps a re available at various 
scales for a fairly large part of the Canadian offshore. In 
addition to this work from sh ips, the North Star aircraft of 
the National Aeronautical Establishment carried out 
aeromagnetic reconnaissance of Labrador Sea and Baffin Bay, 
in collabora tion with the Geological Survey of Canada. 31 

The Departm e nt of Mines and Technic al Surveys 
founded Bedford Institute of Oceanography in Dartmouth in 
1962, and const ructed the vessels Hudson ( 1963), 
Dawson ( 1967), and Parizeau (1967), to join the Baffin, 
Kapuskasing, Acadia, Sackville and Maxwell. If one person 
must be given c redit for this, then W.E. Van Steenburgh 
should receive it. He was successively Directo r-Gener al of 
Scientific Services and Deputy Minister of Mines and 
Tec hnical Surveys, a nd in effect scooped oceanography out 
from under others involved in fisheries and defence when the 
time was ripe. 

Other events, some earlier, some later, were also 
clearly significant: the first seismics in Hudson Bay in 1965 
and the first offshore wells on the Grand Banks in 1966; the 
foundation of the Institutes at Burlington a nd Patricia Bay; 
the involvement of Earth Physics Branch in seismic work in 
the Arctic, and the (then) Atlantic Oceanographic Laboratory 
a t Bedford Institute of Oceanography in measurement of 
gravity offshore; the explorations of the Mid-Atlantic Ridge 
by Bedford Institute of Oceanography; the formation of the 
A tJantic and Pacif ic Geoscience Centres in the Department 
of Energy, Mines and Resources; the involvement of groups 
from Mc Master University, the University of Toronto and 
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Memorial University (such as C-CORE and the Faculty of 
Engineering); the competence in petroleum geology and 
geophysics developed by regulatory agencies such as 
Resource Management Branch a nd Indian and Northern 
Affairs; and so on . The events of a very few years in the late 
1950s and early 1960s were the key events because, for 
better or worse, they shaped future directions on account of 
the impetus given, the staff who were engaged, the studen ts 
who were trained, the facilities which were provided, and the 
geological concepts which were developed as guides to 
understanding the earth beneath the sea, and so to 
exploration for hydrocarbons offshore . 

Achievements 

The Global Framework 

A few Canadian scientists played a leading role in the 
revol ution leading to plate tectonics in the 1960s. These 
include people such as L.W. Morley, A. Larochelle 67 and 
J. Tu zo Wilson, who contri buted to the understanding of 
magnetic lineations in the ocean basins, and in Wilson's case, 
to the development of the concept of transform faults, a key 
test of ocean floor spreading as a hypothesis. 138 E. Ir ving has 
been extraordinarily influential in the application of 
paleomagnetism to problems of contine ntal drift . 

A larger group of sc ientists contributed subsequently to 
the unders tanding of processes on mid-ocean ridges. The 
work on the Mid-Atlantic Ridge 72 led to contributions in 
various fields: petrology and petrogenesis, gravity a nd 
magnetics, seismology and heat flow, for example. 4 5 The 
role of seawater in the alteration of the oceanic c rust, and 
the concomitant effect on the composition of the oceans 
themselves, became evident very early, and this interaction 
now dominates thinking concerning ore deposits associated 
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with the oceanic crust, 29 32 heat flow in the ocean basins 
and the whole heat budget of the earth . The mantle below 
the Atlantic was shown to be less anisotropic in its seismi c 
velocities than in the Pac ific, and the c rustal structures at 
the Ridge crest quite different from that proposed by other 
workers. 59 

The interest of people involved in these investigations 
led to participation in a number of phases of the Deep Sea 
Drilling Project (Fig. 2.5) where oceanic crust would fi rst be 
sampled intensively, and c ulminated in Leg 37, dominated by 
Canadian contributions. 4 49 The myth that the oceanic crust 
would be neatly magnetized to fit the Vine-Matthews
Morley-Larochelle hypothesis was destroyed, because the 
magnetization of the rocks drilled did not fit any simple 
scheme. The traces of menisci of liquids in vesicles were 
used to investigate the degree of tilting of the oceanic crust. 
Disc repanc ies between crustal velocities inferred from 
refraction observations and velocities in roc ks recovered 
were resolved . 49 Other drilling programs have taken place on 
oceanic islands such as Bermuda, the Azores and Iceland. 
The next investigation will take place in 1982, when an 
international consortium including Canadians will drill into 
ophiolites on Cyprus, to resolve, among other things, 
questions conce rned with ore deposits and their relationship 
to oceanic crust. 

Work on the sedimentar y wedge of the margin off the 
east coast of Canada led to participation in phases of the 
Deep Sea Drilling Project conce rned with the evolution of the 
North Atlantic as refl ected in the sed ime nta r y record . This 
work led to definition of the lithostratigraphy and 
biostratigraphy of the western half of the floor of the North 
Atlantic, and to e lucidat ion of some of the problems 
concerning calci te compensation depth, and ci rculation in the 
ocean throughout its history. 52 
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Figure 2.5. Stratigraphic cross-section of the North American basin from the eastern seaboard of 
North America (left) to the mid-Atlantic Ridge (right), from Deep Sea Drilling Project sites. Cat 
Gap: clayey limestones, Oxf ordian-Tithonian; Blake-Bahama : limestone, Late Tithonian-Barremian; 
Hatteras: black car bonaceous clays and marls, Barremian-Cenomanian (? ); Plantagenet : variegated 
claystone, Cenomanian-Paleocene (from Jansa, L. et al. , 1979, Maurice Ewing Series 3, American 
Geophysical Union, p. 1-57). 
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These contributions took place mainly in the Atlantic . 
A seminal piece of work concerning the eastern Pacific, done 
collaboratively by staff from the Pacific Geoscience Centre, 
the University of British Columbia and the University of 
Waterloo recently has been completed . 68 90 Observations of 
time-varying magnetic fields were measured on the seafloor 
using ocean bottom magnetometers. These observations led 
to an interpretation in terms of changes in electr ica l 
conductivity as a func tion of depth in the eart h on seaf loor of 
different age . 

Canada's third ocean is the Arctic Ocean . Canadians 
have made a variety of contributions there in attempts to 
understand its structure and evolution, which so affect 
comp rehension of events on the Arctic margin and the Arctic 
Islands. 119 The expedition to the Lomonosov Ridge (LOREX) 
is well known; the gross structure of the ridge was delineated 
and a rather tentative date on the timing of separation from 
the Siberian Shelf was established. The Nansen Ridge is the 
present site of active spreading in the Arctic Ocean basin. 
The crust beneath this ridge - which is very s lowly 
spreading - is very thin; this observation has led to the 
suggestion that crustal thickness of ridges is globall y related 
to spreading rate. 51 

Canada did not join the Deep Sea Drilling Project when 
it became the International Phase of Ocean Drilling; 
apparently gentle approaches to the Treasury Board of the 
Government of Canada for its subscription of $I million per 
annum were rebuffed. A small group of scientists made 
significant contributions nevertheless, both at sea. on the 
Challenger , in the la boratory, and in various planning 
comm ittees. Most recently, Canadians contributed to the 
drilling of diapir-like structures on the Moroccan margin, and 
in defining the oldest rocks encountered to date in the ocean 
basin of the Atlantic Ocean. There are num erous practical 
benefits from Canadian involvement, so obvious that they 
make the lack of formal (and financial) participation in the 
Inte rnationa l Phase of Ocean Drilling seem ludicrous. 

The Contiguous Ocean Basins 

Scientists from federal institutions such as the 
Geological Survey of Canada, the Earth Physics Branch, the 
Polar Continental Shelf Project, and the National 
Aeronautical Establishment of the National Research 
Council, and from universities such as Dalhousie, McGill, and 
UBC have worked in these ocean basins si nce about 1964. 
The work can be divided into two types - systematic and 
reconnai ssance mapping, and work directed specif ically 
towards processes. Systematic mapping has been dominantly 
of potential fields - gravity a nd magnetic, and of 
bathymetr y, with lesser single-channel seismi c reflection 
work. The mapping at sea and through the ice has been in 
large part in co-operation with the Canadian Hydrographi c 
Service. the choice of parameters to measure in the 
shipborne work was a matter of logistics and histo rical 
accident. Measurements of magnetic and gravity fields and 
bathymetry are available to reasonably high standards in 
parts of the western At lantic off eastern Canada, in Hudson 
Bay, in the Labrador Sea, in parts of the Arctic offshore, and 
off the west coast of Canada. Data of lower quality exist for 
Baffin Bay; these will be upgraded in the ne xt few years . An 
important byproduc t of the systematic geophysical mapping 
has been cont inual improvement in navigationa l standards at 
relativel y low cost . 24 Co-operative work in this field 
between several fede ral agencies, industry and the Universit y 
of New Brunswick is flourishi ng. The most recent work 
involves the efforts to use the U.S . sate llite-based Global 
Positioning System, which, if fully implemented and if 
available to civilian agencies, wi ll revoluti oni ze positioning 
at sea, and on land. Systematic multi channel seismic surveys 
were not part of this work . 

The assemblage of small oceanic plates off western 
Canada have been recently studied by a group from the 
Pacific Geoscience Centre at Patricia Bay and from the 
univers ities of British Columbia and Washington. Diverse 
studies including petrology, seismic refraction seismicity, 
heat flow and other geophysical tec hniques have been brought 
to a common focus to delineate the basic geometry of the 
plates and their histori cal evolution in terms of interac tions 
with the North American plate. 6 13 14 50 105 124 130 Baffin 
Bay has proved to be oceanic in its crustal structure; 57 this 
has led to controversy in interpretation of the origins of 
Baffin Bay because most geologists maintain that there is no 
evidence of significant strike-slip motion along Nares 
Strait. 22 57 117 If Baffin Bay formed by simple sea-floor 
spreading, it is difficult to avoid postulating substantial 
displacement along the strait. Magnetic striping was 
discovered in the Labrador Sea, a nd its evolution was 
explained in the context of spreading in the Atlantic . 31 116 

The Continental Margins 

Canadian scientists are fortunate in having margins 
which exhibit a variety of st ruc tural styles off the Atlantic, 
Arctic and Pacific coasts. 58 66 113 131 In the case of the 
At lanti c and Pacific margins, it is probably fair to say that 
we have reasonable working hypotheses on their origin and 
development on a very gross scale from whi c h to base 
experiments to test and extend the models. Companies were 
initially led to the margins off the east coast by seismic work 
from academic institutions, and by interpretation of 
magnetic field observations made by the Geological Survey of 
Canada. 40 41 42 43 83 The latter work was a prime factor in 
the exploration of the Labrador Shelf, and in the leasing of a 
la rge part of Hudson Bay by Atlantic Ri c hfield. 

About 150 wells have been drilled off the east coast, 
and the samples from them are available publicly afte r two 
years . Consequent ly, in conjunc tion with information 
desc ribed above a good data base is available for describing 
and modelling the development of thi s margin. In addition a 
large amount of industrial multichannel seismic reflection 
data is now available. An example of the sort of use made of 
this information by those working on east coast problems may 
be useful. 

The geological setting of the Scotian Shelf, the 
Grand Banks and the Labrador Shelf was established 
by industry and government scientists in the 
1970s. 25 30 35 53 01 03 04 '9'9 112 120 125 In the case of the 
Scotian Shelf, the geological development was shown to be 
that expected from the ri fting apart of continental masses 
accompanied by the development of a large ocean basin. 
Wells were drilled on a variety of structures, such as salt 
domes, with only modest success initiall y because of lack of 
maturity in the source rocks and often geographically 
restricted accumulations of hydrocarbons. The later major 
success at Hibern ia, in the East Newfoundland Basin, came 
about because of the presence of excellent source rocks. 
Biostratigraphic studies provided the control for the 
determination of timing of events, and the history of 
subsidence of the margin. 8 33 Other controls on timing came 
from the magnetic anomaly patterns in the contiguous ocean 
basins. 7 116 Jn order to predict the subsidence and thermal 
history, so that the predictions can be compared with 
observations, the physical properties of the lithosphere have 
to be known. 9 56 Crustal properties can be determined by 
seismic refraction observations on the margin; however, in 
order to investigate the upper mantle beneath, experiments 
have to be conducted in oceanic regions where the sediment 
cover is relatively thin. The complex structure of the 
margins with their very deep sedimentary basins makes it 
impractical to investigate the upper mantle by experiments 
on the margins themselves. 
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This approach has led to a mode l which pred icts t he 
subsidence a nd t hermal history (Fig . 2.6) ra t her well , a nd it 
can be tested against othe r observat ions, such as the gravity 
f ield. 9 56 58 The wor k has been remar kably successful; it 
draws on all geologica l, geochemica l, paleontological and 
geophys icaf!nformation , whi ch has come not just fr om the 
margin itself, but from the continent on one side a nd the 
ocean basin on the othe r . 

Many interesting examples could be descri bed . 
Anomalous mat urati on of hydrocarbons was discove red above 
a salt diapi r in the Pri mrose prospect off the east coast, an 
observation not yet quanti t atively exp la ined . 101 The 
discovery was made that signif icant qua nt iti es of 
hydrocarbons could be ext rac te d f rom sed iments of Lat e 
C retaceous and Te rt ia ry age in the Macke nzie 
Delta. 97 11 ~ This was cu ri ous because t he organic matter is 
herbaceous or coaly, not "norma ll y" a source of oil , and t he 
sediments are a t low levels of t he rm al mat urat ion defi ned by 
values of vit r ini te ref lect a nce . C lever a na lyt ica l de t ective 
work led to the hypothesis tha t the or gani c matte r was t ree 
resin (resinite ); the significance is t hat rocks with "good 
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Figure 2.6. A thermo- mechanical model for the evolution 
of Atlantic-type continent al margins. Upper : Observed (thin 
soli d lines) and compu ted (heavy broken lines) free air gra v it y 
anomali es for the Nova Scotia margin . Six observed prof i l es . 
f rom diff er ent locations along the l ength of the margin, are 
shown to demonstrat e t he variability of the character of th e 
anomali es. The insert shows the locations of t his margi n; and 
the posi tion of t he cross-sec tion. Th e extent of the margin 
over which the six observed prof il es were obtained is denoted 
by the arrows. Low er: Crustal st ructure and isotherm s 
predic t ed by the TR = 100 °C model for the present tim e. 
Dots and lin e pa t t ern indicat e sedim ents and th e mantle 
r espect ivel y. The isotherm s are shown at 50°C int er val s. 
Note how these are distort ed by t he low conductivity 
sedim ents and that the 0°C isotherm do es not coincide 
exactl y with th e sea(loor. Thi s is because t he sedim ents 
deposited at 0°C in the la st tim est ep have not yet r eached 
ther mal equilibrium (from K een , C .E., Beaumont , C., and 
Bouti li er , R. , 1981, Oceanologica Acta. p. 123-128). 
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hydrocar bon pot e ntial" may occu r at low levels of t hermal 
metamor phis m , contr ary to the conventional wisdom of other 
models fo r the generation of oi l and gas. 

Exciting work of a different sort has emerged from the 
west coast; (Fig . 2.7, 2.8) li ke the work descr ibed from the 
east coast , this too dema nded inter play from workers in a 
var iety of disciplines and from a var iety of institutions . The 
Pacific margin contai ns a var iety of allochthonous terrains 
such as Wrangell ia and Alexander terrai n; on the basis of 
biostr a t igraphic and paleomagnet ic informat ion they a re 
thought to have or iginated in the southe rn hemi
sphere . 86 130 Wrangelli a and the Alexander terrain a re 
t hought to have ama lgamated some 140 mi ll ion years ago, 
and t he two amalga mat ed terr ai ns are beli eved t o have been 
incorporated with the No rth Amer ica n Cordi ll e ra dur ing the 
Late Cretaceous or early Tertiary. Rifting is believed to 
have occu rred in the Queen Char lotte Sound in the Late 
Terti ary, resul tin g in t he development of Queen Cha rl ot t e 
Basi n , an important area fo r future exploration fo r 
hydrocar bons . 

One ma jor difficulty has been the lack of multichannel 
seismi c data publicly avai lable at reasonable rates . Indust r y 
da t a have been released t wo years after land has been 
reli nquished; however , (a) the "land" of greatest int e rest is 
se ldo m re linquished, and (b) the time between acquisition of 
seismic data and re lease from conf identiality wi ll of t en be 
t e n to f if t ee n years, so that m uch of the data is not of the 
highest quality by modern standards . Government and 
academic inst itutions have not, in general, been f unded to 
acquir e m ultichannel seismic data themse lves, or by 
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Tectonic map of west ern Canada showing th e main 
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dott ed lin e is t he est i mated northern edge of t he Juan d e 
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JP = Juan de Fuca pla te ; A P =American plate (f r om 
Keen , C.E. and Hyndman , R.D .. 1979, Cana dian Jou rnal of 
Earth Sci enc es , v. 16 , p. 712-747). 
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contract, and the cost of purchasing data from participation 
surveys is high. This has meant that the only scientists who 
have had access to a substantial body of this information 
have been company geologists and geophysicists, and 
government scientists using industry data confidentially for 
the purpose of estimating hydrocarbon resources. Few other 
scientists have had such access until recently, and those who 
work on the margins have had to work with an inadequate 
data base. Consequently, expertise which might have been 
brought to bear creatively on the study of the margins has 
been impeded. Under Bill C-48, recently enacted, industry 
data will in future be released after five years or on 
relinquishment of the lands wh ich were surveyed ; thi s will 
clearly alleviate the problem but the lack of funding to 
government institutions and universities enab lin g them to 
create a pool of public data will sti 11 mean that data will be 
available only in areas of immediate interest to industry, and 
not in adjacent areas which, though not of present 
commercial interest, may be keys to understanding. 

Since 1974, no work credits have been allowed for 
acquisition of seismic data on Canada lands unless the data 
have been processed in Canada. Consequent ly, Calgary is 
now the second largest seismic data processing centre in the 
world . All seismic programs in the future will be scrutini zed 
by the Canadian Oil and Gas Lands Administration with 
respect to Canadian cont ent, so that an indigenous marine 
seismic capabi lit y will be built up. 

Paleozoic Sedimentary Basins and Orogens 

Some parts of the older sedimentar y basins such as 
Hudson Bay and the Gulf of St. Lawrence, and of the older 
orogens, such as the Appalachians, a re water-covered . They 
have been investigated for a variety of reasons . 

The Appalach ians northeast of Newfoundland provide 
clues to the fitting of the Atla nti c in pre-drift 
reconstructions, and mappi ng and the interpretation of 
bedrock, gravity and magnetic fields offshore have played 
important parts in this work. 37 69 108 Being water-covered, 
the Gulf of St. Lawrence, the Appalachians a nd Hudson Bay 
were obvious targets for crustal seismic studies in which 
explosions fired from ships were used as sources, and 
receivers were placed at land stations. 20 106 

Hudson Bay in the early sixt ies was no t seen as a 
particularly att ractive exploration area because the 
Paleozoic sediments beneath it were though to be 
thin. 107 However, interpretation of magnetic field 
observations suggested that the basin might in fact be 3000 m 
deep, 41 42 and this was substantial! y confi rm ed by short 
refraction Jines run in conjunction with the long crustal Jines 
just ment ioned . 38 Industry seismic work was started in the 
Bay in 1965, following earlier work on magnetic anomalies . 

The Shelf and Slope: 
Quaternary Sediments and Bedrock 

A major contri bution to Canadian needs has been the 
mapping of the sediments and bedrock of a substantial part of 
the continental shelf; 27 62 63 65 76 77 this has involved 
development of a methodology designed to determine the 
stratigraphy and structure of the shallow subsurface rocks 
and to acquire an understanding of the environments of 
deposition of surficial unconsolidated sediments . The work 
was begun on the Scotian Shelf (Fig. 2.9, 2.1 0) using 
e chograms and bottom samples which had been collected in 
the course of hydrographic su r veys, the echograms providin~ 
"remote sensing" of sediment type. The work has been 
scientificall y interesting and useful in many ways : as an 
incentive to instrument development such as deep-towed high 
resolution seismic systems, and the quantitative 
characterization of sediments; to developments in navigation, 
and as contribut ions to the solution of many practical 
problems. These are varied: the installation of pipelines; the 
location of new coalfields off Cape Breton ; the source of 
silica sand; the source of aggregate for offshore installations; 
the scour by sea ice and icebergs; the orderly development of 
hydrocarbon resources in general. Scientifically, the work 
has contributed to the understanding of sedimentary 
processes on formerly glaciated shelves in high latitudes, and 
of the climatic relationships in the Pleistocene between land, 
shelf and the open ocean . 128 A significant recent 
contribution which drew upon many disciplines was the use of 
estimates of postglacial relative sea level in attempts to 
distinguish between extreme models of late Wisconsinan ice 
distribution by calcu lating the response of the earth to the 
postulated ice loads . 100 

Several gaps can be identified in the work on shelves 
and s lopes . Little attention has been paid until recently to 
sediment dynamics beyond the coastal regime . Practically 
this is important on the storm-dominated she lves when 
considering seabed engineering installations . There is 
inadequate knowled ge of the surficial or bedrock geology of 
the channe ls of the Arct ic Is lands. Engineering geology 
offshore has been neglected by a substantial part of the 
university and governm ent communities. We have only 
modest information concerning the sediments and 
sedimentar y processes on the conti nental slopes. The 
contribut ions of a number of Canadians in the field of modern 
turbidites and deep sea fans a re well known, 88 but this will 
not be sufficient to cope with the practical problems which 
will arise with exploration and production in deep water off 
the shelves . Shell Canada Resources Ltd . plan to drill four 
wells in water depths of 1900 to 2000 m in the next two 
years . Canad ian scientists are in a position to aid industry in 
solving its problems in a variet y of a reas on the shelf, and to 
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contribute to government's concerns for 
orderly development and protection of the 
environment. This will be difficult to do on 
the slopes without an acceleration of effort 
there. 

The Coastal Regime 

The major contr ibutions to geological 
studies of the coastal regime have perhaps 
been of two sorts. 79 Many owe their origin to 
the unique features of the very long Canadian 
coastline: the regimes of high tides in the Bay 
of Fundy; 2 the frozen regimes of the 
Arctic; 71 122 123 the tectonically active 
margin of the British Columbia coast with it s 
complex geography of islands and fiords and 
waves with high energy . Others , particularly 
those concerned with the interac tions of 
waves and beac hes, owe no national allegiance 
to the region whi c h was used as the 
laboratory. 

The regional studies of our coastal 
regimes have been vital in establishing the 
descriptive data base and in establishing a 
methodology. 91 92 The fact that we have 
some knowledge of most Canadian coastlines, 
and reasonably established tec hniques fo r 
describing them quickly and reporting the 
observations understandably has been of great 
practi c al importance in all the industrial 
developments whi c h have been and are being 
undertaken. 82 Simple, practical exa mples of 
the need for this base of information include : 
how often should a harbour mouth be dredged, 
or re-surveyed? if an oil tanker such as the 
Arrow spills oil, whi c h beaches should be 
protec ted? 12 what methods of construction 
should be used in brin~ing pipelines ashore on 
Arctic coastli nes? 122 23 The competition in 
the use of the shoreline - should an oil tank 
fa rm , or recreational yachting use a Brit ish 
Columbia inlet? There have been excellent 
studies of the estuaries and coastlines of 
British Columbia whic h will be ver y influential 
on futu re developments. 16 

Information on coastal geomorphology 
and shoreline protection is an integral part of 
any oil-spi ll contingency plan required of an 
operator before an offshore dr illing program is 
approved; it is required, too, in the initial 
environmental evaluation or environmental 
impact st atement fo r regional exploration and 
deve lopment, and recent examples include the 
Labrador Shelf (Petrocanada), Sable Isla nd and 
Hibernia (Mobil). 

Many studies of the coastal region owe 
their origin to the uniqueness of a feature . 
The Bay of Fundy is a natural laboratory for 
mac rotidal regimes ; 2 21 consequent ly, the 
studies have global signi fica nce scientif ically, 
and di rect practi cal consequences if a tidal 
barrage for power gene ra tion is ever built. 
The indi rect practical consequences have 
already been significant; fo r example, we now 
know how to use satell ite imager y in studying 
the sediment budgets of estuaries where 
temporal changes in phenomena a re ra pid, and 
convention al sampling techniques are 
inadequat e . 1 Another example of coastal 
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research wit h important practical 
applications is the study of the ice
domi nated coastlines of the Arctic, 
with applications concerned with 
harbour terminals, pipeline crossings, 
a nd similar engineering develop
ments. 122 123 

In some fiords in British 
Columbia problems related to the 
disposal of mi ne tailing have 
developed. Universit y of British 
Columbia staff and graduate students 
have made incisive studies of 
turbidites in fiords using innovative 
acoustic techni ques, and a team from 
the Paci fi c Geoscience Centre a nd the 
Coast al Studies Institut e of Baton 
Rouge, Lo uisiana, have recentl y used 
digital side-scan sonar t o delineate 
large slumps in the fio rds . Studies of 
the barrier islands of the Gulf of 
St . Law rence have Jed to the 
development of excell e nt facies 
models, 78 102 which provide a needed 
com plement to those developed from 
studies in the mid- and low-latitudes of 
the U .S.A. 

An excellent example of the 
second sort of work is t hat done by 
some uni versity wor kers on beach 
processes - waves in the coastal 
regime. 10 36 47 Thi s research is both 
tec hnicall y difficult, because of the 
scale of the phenomena and the 
violence in the breaker zone, a nd 
t heore ti call y dif fi cult , perhaps a t 
present intract able, because the 
physics of turbulence is poorl y 
understood. However, many advances 
have been made in instrument a tion, 
a nd in our understanding of coastal 
processes . The role of edge waves and 
the response of beaches as part of a 
dynam ical syst em are examples . 

The Arct ic 

The Arctic is, of course, 
mentione d elsewhere, but a t the ri sk 
of duplication, it deserves parti c ul a r 
attention because of its significance 
to Canada. Indeed, the formation of 
the Polar Continental Shelf Proj ect in 
1958 a nd the move by industry to 
exploration offshore were descr ibed 
earlier as key event s in the 
development of the earth sciences a t 
sea in Cana da . The y came together in 
the Arctic in the la t e 1960s and 1970s 
as a result of the Prudhoe Bay and 
Drake Point discoveries. 

The formation of Pola r 
Continental Shelf Project Jed direc t! y 
a nd indirectly to a host of scientific 
programs: "Multiparameter Surveys" 
of various t ypes over ice-covered 
waters were initiated with the Project 
suppl ying logis tics, the Canadian 
Hydrographi c Service measuring water 
depths through the ice, the Earth 
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Physics Branch measuring gravity, and the Geological Survey 
of Canada sampling the seaf loor and car rying out 
aeromagnetic surveys . 39 The work demanded many 
tec hnological developments: through-the-ice tr ansducers for 
sounding, portable sampling and photographic equi pm e nt for 
deployment from the ice, and innovative methods for 
surveying la rge a reas of seafloor through a si ngle hole 
through the ice . 

The wor k Jed to many geo logical and geo ph ys ical 
advances a nd insights. Y .0 . Fortier a nd L.W. Morley had 
proposed in I 956 that the Arctic Island channe ls represent a 
drowned Te rti ary drai nage system . 28 The bathymetri c 
informati on available a decade later was used to illustrate 
how this drainage syst em has been modi fied by 
glac1at1on . 94 The gra vity observations led inte ra!i a to the 
discovery of the large gravity anomalies associated with the 
continenta l margi n offshore t he Queen Eli zabeth 
Is la nds. 115 119 On the new gravity map of Canada they are, 
of course, no w seen as part of the conti nuum of such 
anomalies at the t ransit ion from contine nt to ocean around 
Canada . 

The Canad ian Hydro graphi c Service devised new 
techniques for use in the Arct ic , not only for working throu gh 
the ice, but also for use in open water . The ser vice 
experimented wi th helicopters towing sounde rs in the water, 
and with Air Cushion Vehicles towing sim ilar transducers . 
The need for this sort of capability became evident in 1969 . 
The John A. Macdonald discovered what was later recognized 
as a "pingo- li ke" feature when escorting the Manhattan 
through the Northwest Passage to Prudhoe Bay; "Adm ir a l's 
Finger" rose to on! y 23 m below the sea 
surface. 11° Consequentl y, the Baffin sur veyed a par t of the 
Beaufort Sea in 1970, at the time Hudson was engaged on the 
voyage around t he Americas. Sevent y-eight pi ngo-like 
features were discovered by the Baffin in her surve y, with the 
minimum water depth being 15.4 m . The Hudson and 
Parizeau dis covered others using a side-scan sonar system ; 
seven of these were not de t ected on the ship's echo sounders. 

In I 970, the Hudson, working in the Beaufort Sea 
obtained what may have been the first side- scan sona r images 
of scour of the seafloor by sea ice and discovered ice in 
sediment cores. 1 3 2 Problem s fo r explora tion and produc tion 
in the Arctic multipli ed : permafrost was present beneath the 
seafloor, wh ich would pose problems in drilling exploration 
a nd production we ll s ; scour by sea ice (and ice bergs off the 
east coast 70 ) would pose problems fo r well-heads and 
pipelines ; transportation by sea would be hazardous because 
of pingo-Jike featu res. The perm afrost problem offshore had 
become evident a little ear l ier in 1980. The Arct ic 
Petroleum Operators' Association had unde rt aken an offshore 
sampling program in the Beaufort Sea; frozen icy sediments 
and ice were discovered in some of the boreholes, and they 
may have been the f irst ice samples to be recovered from 
below the seafloor. 3 74 

However , the work of Hudson in I 970 was not finished; 
the vessel continued to Baffin Bay where it was made clear 
that, from seismological evidence, the bay was underl ain by 
oceanic c rust. 57 The Dawson had earlier in the I 970 season 
confirmed suggestions that the Tertiary volcanic province of 
west Greenland ext ended wel l offs hore, a nd had shown that a 
sedimentar y deltaic system was to be seen at the mouth of 
La ncaster Sound in northern Baffin Bay , supporting Fortier 
a nd Mor ley's hypothesis of I 956 . 60 The basalts off western 
Greenland which had been mapped magnetically and 
recovered by dredgi ng offshore, were show n to be rem a rkably 
"primitive". 17 Var ious contri butions were ma de to the notion 
t hat Davis Strait is a "hot spot". 48 
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The work of 1969 and I 970 had great consequences for 
work in the Arctic offshore in the I 970s, leadi ng as it did to 
studies of the thermal regime, the mapping of permafrost 
offshore using shallow seism ic methods, a nd chart ing by the 
Canadian Hydro graphic Ser vice . 44 45 46 87 

Industry drilled its fi rst well in the Mackenzie Delta in 
the mid- l 960s and Imperial drilled its fi rst offshore well in 
the winter of I 973- 74, from the a rti ficia l island 
Immerk B- 48. Compani es such as Panarctic and Po la r Gas 
had investigated problems of dri lling from the ice . The y 
studied techniques such as st re ngtheni ng the ice cover 
through flooding a nd freezing, and "trenchi ng" di rectly 
through the ice as a means of laying pipeline in ice- covered 
wat e rs. Imperial 's efforts in developin g the technology of 
dri ll ing from a rt ificia l is la nds a re impressive from several 
points of view - the hostility of the environ me nt in terms of 
ice and waves, t he dependen ce on supplies of mundane 
materials such as aggregate for construction, and the 
improvement in technology over a very few years . The first 
island was started in I 972 a nd used in the winter of 1973- 74; 
four islands coul d be bui lt in the sum mer of 1976, because of 
technological impro vement s . 18 As a result principally of 
industry activity, the Beaufort - Mackenzie Basin has beco me 
geological ! y well known . 55 66 131 13 135 It became a disti nct 
depositional centr e in the latest Triassi c or earliest J urassic 
time but unlike the east coast offshore, sedimentation since 
the n has been significantl y affected by conti nued orogenic 
activity onshore. There a re a variety of hydrocar bon traps: 
in the Tuktoyakt uk - South Delta province traps are 
associated wi th tilted fau lt blocks and hor st structures, 
whereas in the North De lta province , the traps a re principall y 
fau lted anticli nes or st ructures associated with down- to-basin 
or down-to-ma rgin fau lts . 

A great deal of wor k was being done in parallel with the 
acti vity of industr y, contributin~ to our know ledge of the 
distribution of sediments , 95 96 12 fo rami nif e ra a nd molluscs 
in the Arctic offsho re and the Arctic Island channels . Some 
workers later conce rned themselves with the coastal regime, 
the interac tion between river a nd sea and coast and ice . 
Questions of the following sort have been asked: what is t he 
role of ground ice in the rate of retreat of c oastlines in the 
Beaufort Sea, a nd where are the si nks for sediment deli vered 
by northe rn ri vers? 71 79 123 

Research in the Arctic in the last twenty years appears 
to have been a delightful combination of di rection by 
polit icians concerned with sovereignty, and entrepreneurial 
seizi ng of the opportunity resulting in discove r y in an 
unknown re gion, expla nation and modell ing of the phenomena, 
a nd resea rc h devoted to the solutio n of prac ti cal problems by 
ind ustr y. Very few scientists from universities were - or 
a re - involved; t hat is su rely a pity. 

Instrumentation 

Canadian scient ists and techno logists have Jed the 
wor ld in instrumentat ion in the eart h sc iences at sea in onl y a 
few cases , but have been abreast of global developments in a 
num0e r of others. The development of t he phase-lock loop 
magnetometer which a ll owed the magnetic field value, 
instead of the precession frequen cy , to be displayed directly, 
saved a lot of a rith metic at a tim e when computers at sea 
were not available. 109 Scie ntists from Bedford Institu te of 
Oceanography were among the fi rst to use shipboard 
com puters , a nd implemented the use of satell ite navigat ion 
at an earl y stage . 2 The interest in SATNAV arose from the 
problems of precise positionin g in remote a reas such as the 
Mid-Atla nti c Ridge, and off our own coast s beyond the limits 
of the electroni c nav igational aids. Thi s work was useful to 
compa ni es such as Shell in their dril ling programs off the east 
cost, a nd Canad ian Marconi who built SATNAV rece ivers . 



Scientists from the Earth Physics Bra nch have recently 
pioneered the development of the linear marine gravimeter 
which is free from cross- coupling effec ts . The y have also 
been involved in several developm e nts in the f ie ld of marine 
gravimetry and have developed micro-processor based rea l
time data acquisition systems a nd gravimet e r control 
hardware fo r shipboard appli cations . i39 Canada led the world 
in the development and use of rock core drill s - dr ill s fo r use 
from oceanographic vessels fo r sampling where dredging is 
impossible or is an unsuitable technique . This was very useful 
in var ious programs, such as geological mapping oH eastern 
Canada, 65 77 and geological invest igations of. mid-ocean 
ridges. The in it ial innovative tec hnology of deriving power 
fo r a drill by flooding a cylinder of ai r still at atmospheri c 
pressu re when the cylinder is deep in t he ocean.s is be in g used 
by U .S.A. scientists in a different appli cation; the m.ore 
recent tec hnology in which substantial amounts of electri ca l 
power are fed by a cable from the ship to . the drill at 
3500 metres water depth, say, will have a variety of other 
oceanographic appli cat ions, and tests of an instrument 
des igned to filte r large qua ntities of sea water at depth have 
just been completed . The experti se of Canadian diamond 
drillers is well known and thi s has been put to good use in t he 
various drilling prog rams on oceanic islands, mentioned 
already . Sumbersi bles have been used si nce the 1960s and 
most recentl y Pisces IV has been used off the west coast, in 
the Arc ti c and off the east coast in imaginative approac hes 
to geological map pi ng and investigations of fea t ures such as 
ice scours . 23 64 9 134 

A number of other instrumental developments sho uld be 
mentioned. An instrument call ed "Ra lph" has been devised to 
monitor sediment movement, waves, tides and cu rr e nts from 
the seafloor. Ocean bottom se ismometers we re successfu ll y 
developed on east and west coasts, a nd ocean bottom 
magnetometers wer e a development from them . Ocean 
bottom magnetometers were used for the f irst time in the 
worl d successf ull y in the mid-s ixties for recording magneti c 
vari ations on t he seafloor off east ern Canada . However, it 
was probabl y not until the late I 970s that t echnology was 
sufficiently advanced to make instruments such as these 
wor t h deploying routinely, and theoretical techniques 
required for interpretation of the data were not pe rhaps 
sufficiently advanced until about the same time. 

The Deep Towed Seismi c System referred to ea rli er is 
able to acquire high quality ref lection seismic da t a in heavy 
weathe r. 63 93 It was developed under a project know n as 
Seabed using a team of scienti sts and e ngi neers drawn from 
Hun tec '70 Limi ted, the Metrology unit of Ocean Science a nd 
Su rveys , At la nti c Geoscience Centre, Defence Researc h 
Establishment At la ntic and Memorial University. The data 
produced by this system are high ly repeatable due to a unique 
method of cancelling system noise induced by heavy seas . 
The high data qualit y has in turn made it possible. to in ve rt 
scatt e ring models of the seaf loor to derive est ima tes . of 
roughness of texture and correlation distance , quantities 
whi ch provide a basis for character izing different sed iments . 
A device has recent I y been developed which corn putes these 
charac teri zation features on line. Other research usi ng the 
dat a produced by thi s system has resulted i.n a metho.d for 
estima ting subbottom ref lectivity a nd acoustic atte nuation in 
the first la yer - quantities of import ance to National 
Defenc e . 

The Impac t 

The wor k in the past quarter centur y by scientists and 
t echnolo gists from Canadian institutions - be they from 
industry, government agencies or universities - can be fa irl y 
easily described. It is not so easy , howe ver , to assess. the 
"impact" because of the lack of guide lines to expectations . 

Perhaps the quest ion to be asked is : given the people, 
instit utions , resources a nd politi ca l setting, were the 
demands made impli c itl y by societ y reasonable a nd were the 
responses to these adequat e? 

The conditions in I 960 were different from those now . 
A few of them, touched upon in this essay, were these: the 
fi rst acreage had been take n out by Mobil one year before ; 
t he first marine geological appoi ntm e nt at Dalhousie was 
made that yea r; Bedford Institut e of Oceano graphy was a 
gleam in Va n Steenburgh's eye; there was no Institute at 
Patr icia Bay; H udson was a drawi ng; no well s had been drilled 
off our coasts; seaf loor pi ngos were not known; Lamont's 
refraction obser va t ions, isolated dredge hauls a nd the 
Geologica l Survey's magnetic f iel d observations were the onl Y 
cl ues to the sedi mentary wedge offshore; seafloor spreading 
had not been discovered; a bump ri si ng to a depth of 600 m in 
the middle of Baffin Bay was st ill mi stake nl y on the charts; 

RC di d not fund geology in the universities; Polar 
Continenta l Shelf Project was a babe only two years old; 
e lectron ic navigational systems extended only some. four or 
five hundred kilom etres off a few coasts ; multi channel 
seis mi c methods a t sea we re prim itive. Even re latively 
recent ly, the st ruc t ures subsequentl y drill ed a t Hi bern ia were 
obscured from seismic eyes by the Avalon unco nformity 
above. 

Man y conditions were and are extreme ly disco.uragi ng 
fo r marine research. The e nvironment fo r exploration and 
production is harsh. Companies were a nd a re st ill faced. with 
governments debatin g jurisdiction, money a nd export po li c ies, 
when the supply of the produc t was not, a nd sti ll is not, 
assured . Scienti sts in govern ment agencies were in 
organi zat ions which changed at the drop of a hat. Dalhousie 
Uni versity was poor. Universities were a nd are sti ll faced 
wit h governm ent agenc ies and industry ow nin g and managi ng 
the ma jor fac ilities . Although goodwi ll has prevai led, the 
development of the marine sciences has surely been hurt by 
these structural arrangements - should not university staff 
and indust ry staff have been parts of the team s at the 
oceanographi c a nd limnologica l institutes? Canadian 
scientists working a t sea were - a nd a re - faced with the 
national problem tha t we work in an industrial re gime which 
is a branch-plant economy, wit h onl y a weak base of high 
technology, a nd high tec hnology is one of the ke ys to success 
in working at sea . 

Onl y a small number of people have been involved in 
re lation to the sheer ph ysical size of our own offshore a nd 
t he magnitude of the global problems with which we ought to 
be famili a r for ou r own good . One or two professionals a re 
concerned with igneous rocks in the ocean basins . One or two 
a re concerned wit h ice scour . One or two are mappi ng the 
shelf off southeastern Baffin Is land, an area the size of Nova 
Scotia . One or two are actively studying modern processes 
on the contine ntal slopes. A few a re conce rned with modern 
marine geoche mi stry . One or two a re fam ili ar with the 
problems of ra dioac ti ve waste disposal in the deep oceans. A 
few a re establi shing the biostratigraphy of the offshore wells 
a nd putting it in the public domain. One or two a re 
attempt ing to make a geological synthesis of the recent 
geology of the Beaufort Sea . A few are describin g the 
coastl ines of Canada, a nd a few are concerned with coast al 
processes . A few have been activel y involved in the Deep 
Sea Drilling Projec t. One or two a t most have been acti vel y 
involved in modern studies of hydrothe rmal processes. A few 
are establ ishing the properties of crust and mantle, and one 
or two of these are quantitat ive ly mode lling margins. No one 
is concerned with sedime ntological processes in the ocean 
bas ins. Three or four in government age ncies are assess ing 
the hydrocar bon potenti al of th e east coast offshore, from 
Georges Bank to Lancaster Sound. 
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It is not easy to make comparisons with the United 
States in terms of marine geology and geophysics alone, but 
some figu res will a mplify the point just made. The Geologic 
Division of the USGS has about 3000 people and a budget of 
$250 million; the Geologica l Survey of Canada has a staff of 
7 50 and a budget of $38 million. There is a total number of 
538 faculty and research associates listed in the Amer ican 
Geological Institute's Directory in the mar ine sciences at 
Woods Hole Oceanographic Institut ion , Lamont-Doherty, 
University of Rhode Island, the University of Miami, th e 
University of South Florida, Florida State, the University of 
Texas, Texas A and M, Scripps Institution of Oceanography, 
the University of Oregon and the Uni versity of Washington. 
By contrast, the faculty in the Departments of Oceanography 
at UBC and Dalhousie and at McGill's Marine Sciences 
Centre, number 54. 

Comparisons such as these a re often accompanied by 
compar isons of populations, as a measure of what a nation 
can afford. However, if the di rect responsibilities are 
compared it is c lear that the Canadian effort lags far behind 
that of the U.S.A.: land area - Canada 9 970 610 km 2

, U.S.A. 
9 371 829 km 2

; coastal lengths - Canada 243 800 km, U.S.A. 
142 640 km ; and offshore area within the 200 mile 
li mit - Canada 5 800 OOO km 2

, U.S.A. JO 500 OOO km 2
• Jn 

addition to the negative effect that devoting few resources 
to t he offshore have upon direct national responsibilities, our 
global part icipation and our global impact have been much 
less than that of the U.S .A., for example . This is unfortunate 
for several reasons. The lack of participat ion, in say, the 
work of the last few years in the hydrothermal processes of 
mid-ocean ridges means that our exploration geologists have 
only second-hand knowledge of the new ideas on mineral 
deposits as guides to exploration in Canada. 32 Lack of 
participation with the Frenc h and Americans in the use of 
sophisticated sounding systems such as "Seabeams", means 
that activists have been late in insisting that our vessels be 
equipped with them . As a resu lt, lines of soundings exis t for 
ou r s lopes spaced only some 10 km or so apa rt, a nd 
bathymetric maps available to indust ry fo r exp loration in 
deep waters are c rude in relation to what could be available; 
the geo logical inferences needed to guide regu la t ion of such 
exploration in deep water wi ll be wholly inadequate. In the 
few cases where there has been work in a global context, 
there has been practical spin-off, shortly afterwards . Ocean 
bottom seismometers were bui lt on the east and west coasts 
to study the c rust of the oceans and continental margins . 
Exce llent work was done with them, of global significance. 
When they were needed to cont ri bute to the evalua tion of the 
hazards of seismicity to development in the Beaufort Sea, 
they were avai lable immediat ely . The argument here is not 
that good science at sea must be done fo r its own sake, but 
because, in a fie ld where developments a re rapid, it has 
practical import ance . 

Canadian impact in "globa l marine geopolitics" reflects 
our c redibility in the marine geosciences globally. We have 
made substantial contribut ions t o bathymetr y in the world's 
oceans by the production of the General Bathymetric Charts 
of the Oceans (GEBCO), and have substantial influence in t he 
field. A few who have con tributed substantially to the 
program of the Deep Sea Drilling Projec t and to globa l 
understanding of active a nd passive ma rgin s, influence the 
program of other nations. Canada contributed substantially 
to the Law of the Sea. The re is a lesson to be gained, isn't 
there? If we want global influence in global problems - a ll of 
which affec t Canadians, direc tly a nd indirectly - we must 
recognize that a signifi can t proportion of our resources must 
be devoted to them. If we adopt a na rrow attitude and stud y 
problem s limited geographically to Canada only, then our 
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knowledge of our own real problems will lag by a decade or 
two, and our cont r ibutions to global problems - which affect 
us too - will be very small . 

Many things have, of cou rse, been done well. Industry 
has made significant discoveri es of oi l off Newfound land and 
in the Beaufort Sea, possibly as much as a significant fraction 
of Alberta 's remaining reserves of conventional c rude oil. 
Canadian consulting and service com panies exist where none 
existed before. Systematic mapping has been done in man y 
a reas offshore sufficiently to delineate constraints to 
development. Prob lems peculiar to our high latitudes have 
been made clear - permafrost offshore, pingo-like features, 
and ice-scour. Some science has been superb . Excellent 
institutes of oceanography a re in place at UBC and 
Da lhousie. Consider ing a ll the difficul t ies which there have 
been, Canadians have su rely got more than value for money 
in the last twenty years or so. In hindsight, the return on 
in vestment would perhaps have been greater if ci rcumstances 
had been different. With the vision of hindsight, better 
conditions might have included the following : 

1. An earl y solution to the political and regulatory 
diffic ulties offshore . 

2. Regulations governing the release of information in the 
offshore appropr iate to generating the best scientific 
ideas , and ea rl ier implementation of rules designed to 
encourage Canadian industry. 

3. Different structural ar rangements fo r the federal 
institutes of oceanography; shou ld they not have been 
national faci lities in ways they have not been because of 
the ir ownership by fede ral departments? 

4. Coherent policies concerning the earth sciences at sea, 
which contai ned an appreciation of the needs fo r work of 
a global na ture, as well as the needs for work of a purely 
national natur e . 

5. Reasonably stable organizat ional arrangements for t he 
federal institutes . 

6. More money and more people . 

What next? This is not the place to try to answer that 
question complete ly; one person could not do it . It may be 
the place, though to suggest an approach . We do now know 
enough to define the practical problems of the next few years 
reasonably we ll, and to make reasonable guesses at the 
problems which will follow, knowing that there will, of 
course, be surpr ises . Geologist s, geochemists, geophysicists 
and geographers working in the oceans wi ll have to contri bute 
to the purely Canadian problems of development on our 
shelves and s lopes of the Atlan t ic, Arctic a nd Pacific . Those 
of us who work at sea will have to help those who work on 
land in developing models which wil l aid in fi nding resources 
there . We will have to contribute to solutions to global 
problems which wi ll affect our people - waste disposal in the 
oceans; the carbona te cyc le and carbon dioxide; the problems 
of c limat e; a nd the problems of finite resources in a shrinking 
world . These a ll demand good science. Furthermore, we a re 
now sophisticated enough to begin to tackle these problems in 
a rationa l way . An exce ll ent granti ng system is in place for 
the universities which includes a panel for Str ategic Grants 
on Oceans a nd this was on ly embryonic twenty years ago. 
The Canadian Geoscience Council does e xis t where all the 
estates of the earth sciences meet, and this did not exist 
twenty years ago . We a re now sufficiently organized to begin 
to determine what some of the problems will be in the next 
twent y years and how collec tively we should set to and solve 
them; we could not have done this twenty years ago. 



COAST AL GEOSCIENCE AND ENVIRONMENT AL 
MANAGEMENT - G.E . Reinson 

Introduction 

Over the past 15 years, much geoscience activity has 
been concentrated in Canada's nearshore and coastal zones 
(included in these zones a re the Great Lakes, and large 
estuaries and enclosed bays such as the Bay of Fundy). Given 
our limited resources and manpower, and the immensity of 
our shoreline areas, our record of achieve ment is substantial 
in the fields of sedimentology, geomorphology and 
environmenta l geology of our coastal realms. The purpose of 
this paper is to highlight the level of coastal marine 
geoscience in Canada, and to identify the driving forces 
behind this present relativel y high level of activity. The 
attempt at brevity may have resulted in the inadvertent 
omission of some important individuals and organizations who 
have contributed significantly to coastal geoscience in 
Canada . The re ferences, however, include a list of the most 
topical a nd current summary documents, confe rence 
proceedings, symposia, and organizational publications on 
coastal geoscience in Canada. Most of the individuals a nd 
organizations active in coastal geoscience a re ci ted, in one 
form or another, in these documents. 

Universit y, gove rnment and industry sectors have all 
contributed significantly to coastal geoscience activity . 
Canada's relatively high effort in coastal geoscience 
disciplines may, at least in part, be attributed to the fact 
that coastal studies can be undertaken at relatively low cost 
compared with offshore shelf and s lope programs . Earth 
science departments in some universities have recognized the 
value of our coastal sectors as natura l laborator ies, both to 
educate students and to conduct research in sedimentology 
and geomorphology. The major impetus behind Canada's 
recent coastal geoscience activity, however, has been the 
need to address a pplied technological and environmental 
problems related to : 

1. offshore petroleum exploration, production and 
transportation; 

2. erosion of unconsolidated shore lines; 

3. development and maintenance of ports and harbours; 

4. regulation of coast al - zone dumping and dredge-spoil 
disposal; 

5. potential tidal-power development, a nd; 

6. overall coastal zone management with respect to 
inter related, but sometimes incompatible, environmental 
and technological demands . 

Universities 

For the past decade coastal geoscience activity in 
universities has been led by McMaster's departments of 
Geology and Geography, whose graduate research programs in 
the Arctic, southern Gulf of St . Lawrence, and the Bay of 
Fundy, have generated similar activity in other universities, 
and even in some government organizations. Ongoing coastal 
geoscience programs have been developed at the University 
of Brit ish Columbia (departments of Geography and 
Geological Sciences) the University of Toronto (Department 
of Geography), Dalhousie University (departments of 
Oceanography and Geology), and the University of Quebec at 
Rimouski (Department of Oceanography), and the level of 
activity at many uni versities, part icularl y in Onta rio and 
Quebec, has increased significantly in the past few 
years, 1 2 Most of this recent activity encompasses 
geomorphological shoreline mappi ng and c lassification for use 
in coasta l-zone management. 

The contents of this report appear to indicate that 
coastal engineering programs at Canadian universities a re 
negligible. There are at least three university engineering 
departments (located at Queens, Laval and Western Ontario) 
that maintain high qualit y, ongoing educational and research 
programs in coastal engineering disciplines. Considering the 
close rel ationship between the coastal engineering discipline 
and that of sedimento logy, geomor phology, and near shore 
oceanography, it is unfortunate that there has not been any 
significant interdisciplinary and co-operative research 
programs between engineers and geologists at the university 
level. 

Governments 

M .J. Keen (in this report) has outlined the myriad of 
departments and agencies within the Federal Government 
which are directly or indirectly involved in coastal marine 
geoscience activity in Canada . The Geological Survey of 
Canada (Department of Energy, Mines and Resources), the 
Canada Centre for Inland Waters (Fisheries and Oceans, and 
Environment Canada) and the Environmental Protection 
Service (Environment Canada), have perhaps played the most 
important roles in instigating and undertaking coastal 
geoscience programs in Canada. The Great Lakes have been 
studied in detail over the past decade, 3 and over the same 
period, ongoing coastal geoscientific programs were 
implemented in the Atlantic Geoscience Centre and the 
Terrain Sciences Division of the Geological 
Survey. 4 5 Within the Geological Survey much credit must go 
to D.E. Buckley, B.D. Loncarevi c, and B.R. Pelletier, for the 
development of an Environmental Marine Geology 
Subdivision, which concentrated initially on interdisciplinary 
projects in the coastal zone . 4 Coastal geoscience has 
'mushroomed' since the early 1970s within the Geological 
Survey. 1 

Coast line mapping a nd shoreline classification are 
geomorphological disciplines which have received 
considerable attention within Federal Government 
departments over the past decade. In c reased petroleum 
exploration offshore and in the high Arctic necessitated the 
obtaining of coastline inventories, which were undertaken 
either by government departments, 5 6 or contracted out by 
government agencies to private consulting firms. 7 8 These 
coastli ne inventories will provide input into ports and harbour 
development, liquefied natural gas terminal planning, 
oiltanker routing and oi l-spi ll contingency planning. The 
Environmental Protection Service has responsibility for 
encou raging research on oil-spills, and disseminating 
information on oil-spill technology . 9 EPS also manages the 
Arctic Marine Oil-Spill Program (AMOP), a government 
sponsored program designed to develop oil-spill counter
measures for Arctic waters. 10 11 

Coastal engineering programs are undertaken by many 
Federal Government depa rtments and agencies (see 
comments by J. Ploeg and M.J. Keen in this report ). 
Probably the most readil y visible programs are the design and 
modelling studies conduc ted by the Hydraulics Laboratory of 
the Di vision of Mechanical Engineering, National Research 
Council, and the 'in-field' harbour dredging and maintenance 
studies undertaken by the Department of Public Works . 

Provincial Government departments a nd agencies, 
particularly in British Columbia a nd the Maritime Provinces, 
have begun in the past decade, or so, to obtain coastal 
geoscience information related to environmental manage
ment and proper utilization of coastal natural resources 
(R.D. Johnson in this report). Provincial programs, by 
econom ic necessity, a re relatively small , but there appears to 
be excellent co-operation between provincial a nd federal 
agencies with respect to the t ransfer of geoscience data for 
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use in provincial planning and policy making. Specific coastal 
problems such as beach-sand mining, shoreline erosion, oil
spiJJ protection and clean-up measures, and harbour 
maintenance, have frequently been dealt with on contract, 
with funding coming directly from provincial agencies 
requiring the studies. 

Industry 

Industry has indirectly played a major part in 
influencing the present relatively high level of coastal 
geos cience activity in Canada. As mentioned previously, 
offshore petroleum exploration and potential development 
have necessitated the identification of the coastal zone as a 
top priority for immediate geoscience activity. Government 
organizations responded to the needs of industry, and their 
own needs, with respect to coastline mapping and 
environmental management. 1 5 6 7 8 10 11 Individual 
companies or crown corporations, either through associations 
such as the Arctic Petroleum Operators Assoc iation (APOA), 
or on their own, have funded and are continuing to fund, 
pri vate environmental consultants, and university and 
government groups to undertake coastline inventory studies . 

Unfort unately, this report has not clearly elucidated 
the level of coastal engineering activity in the private sector. 
Obviously, many re putable coastal engineering consulting 
fi rms are active in Canada, particularly in British Columbia, 
Ontario and certain of the Maritime Provinces. The 
Associate Committee for Research on Shoreline Erosion and 
Sedimentation (ACROSES) of the National Research Cour.cil 
maintains a mai!in~ list of coastal engineers active in the 
private sector . 2 1 AC ROSES, among other duties, is 
attempting to 'bridge the gap' and promote communication 
between various geos cience disciplines, parti c ularly between 
engineering and geology. 

Status 

Within the last five years coastal workers have 
recognized the need for communi cation and co-operation 
between individuals and university, government and private
sector organizations. 1 2 13 ACROSES is an example of this 
new spirit of co-operation and co-ordination. Formed in 
1977 , largely by coastal engineers from government and 
universities, the mandate of AC ROSES is to " .. .further a 
better understanding of the physical processes involved in 
erosion and accretion of Canada's Jake and ocean 
shoreline .. . ", by promoting both research into near shore and 
coastal processes, and communication between researchers in 
these fields. The committee is composed of engineers, 
oceanographers and geologists representing government 
organizations, universities and the private sector. ACROSES 
has sponsored a major symposium 2 and publishes a 
newsletter 12 to disseminate information pertaining to 
ongoing coastal activities throughout Canada. 

The G~ological Survey of Canada has also contributed 
to greater communication and li aison between coastal 
geos cience workers by sponsoring an interdisciplinary 
symposium in 1978 1 whi ch brought together geomor
phologists, geologists, engineers and oceanographers who 
were conducting pure and applied research in the coastal 
zone. A Shore Management Symposium held by the Canadian 
Counc il of Resource and Environment Ministers (CCREM) in 
J 978 14 indicates that not only are coastal geoscientists and 
engineers beginning to co-ordinate activities, but government 
regulatory bodies are doing so as well. 

Coastal geoscience achievements in Canada, 
parti c ularly during the past decade, have been noteworthy; 
the documented record speaks for itse lf. Nevertheless, much 
work remains to be done and to rest 'on our lau re ls' would be 
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retrograde step . The spirit of co-operation and co-ordination 
that began within the last few years must continue to grow, 
in order for coastal geoscience activity to be maintained, at 
even its present level, in the future. 

SOVEREIGNTY AND AUTHORITY - R .J . Harrison 

Jurisdiction over the continental margin adjacent to 
Canada is about to emerge from under a cloud of domestic 
uncertainty and international transition. On the international 
scene, the third United Nations Conference on the Law of the 
Sea (UNCLOS III) is close to agreement on a new definition of 
national rights in offshore areas. Domestically, oil 
discoveries off Newfoundland wiJJ probably force a resolution 
of the federa l- provincial dispute that has persisted for nearly 
15 years with respect to jurisdic tion over offshore areas. 

Canada's claims over offshore areas are based upon the 
19 58 Geneva Convention on the Continental Shelf. Under 
that Convention, coastal states were accorded sovereign 
rights for the purpose of exploring and exploiting the natural 
resources of the continental shelf to an outer limit that is 
likely to emerge from UNCLOS III. This will impose a new 
outer limit of the area over whi c h sovereign right are 
accorded, but one which will nevertheless a ccord to Canada 
jurisdiction over most areas of its continental margin that 
a re thought to be prospective of hydrocarbon wealth . To a 
distance of 200 nautical miles from the baseline used for the 
purposes of measuring the territorial sea - an area to be 
known as the Exclusive Economic Zone - each nation will be 
assigned exclusive jurisdiction with respect to the 
management of both the living and non-Jiving natural 
resources . Further jurisdiction with respect to the non-Jiving 
natural resources will be accorded beyond the 200 mile 
Exclusive Economic Zone to an outer limit defined by 
combined criteria based on distance, water depth and 
sedimentary thicknesses. Thus, Canada wiJJ likely have 
exclusive control over such resources to a minimum distance 
of 350 nautical mi les. Production fro the continental margin 
beyond 200 nauti c al miles is, however, likely to be subject to 
a royalty of not more than 7 per cent, payable to the 
international community through the proposed new 
International Seabed Authority. 

Domestic jurisdiction over this area accorded to the 
nation by the international community has been subject to 
competing claims by the Federal Government and the 
Provinces. In 1967, the Supreme Court of Canada ruled in 
favour of the Federal Government with respect to the area 
off British Columbia. However, the Eastern Provinces have 
consistently argued that differences in their histories would 
result in favourable court rulings for them . Newfoundland in 
particular, has based a unique claim on the fact that it had 
been a self-governing Dominion prior to its entry into 
Confederation in 1949 . Both the Federa l Government and the 
Provinces have been asserting their authority with respect to 
adjacent offshore areas . To date, the petroleum industry has 
been able to cope with this competition simply by complying 
with the requirements of both jurisdictions . Thus, they have 
taken out both federal and provincial perm its or licences . 
This technique for coping with jurisdictional uncertainty 
cannot, however, be carried forward to the production phase. 
While one work program - by way of drilling wells, for 
example, - mi ght satisfy both federal and provincial 
demands, one performance of lease obligations at the 
production stage wi JJ not satisfy both. In particular, royalty 
can obviously be paid only once. Thus, with the discovery of 
the Hiberni a oil field, the pressure to resolve the matter one 
way or anothe r has intensified. It is impossible at this time, 
however, to predict whether the matter wiJJ be resolved by 
refere nce to the Supreme Court of Canada or be a negotiated 
settlement providing for some form of joint federal
provincial control. 



CANADIAN MARINE GEOSCIENCE: IN TH E 
EIGHTIES - A .E. Pallister 

During the past yea r or so two important events of 
significance to the Canadian marine geoscience professio n 
took place . First was the confi rm ation of commercial 
quantities of oil and gas beneath the waters off 
Newfou ndl and a nd the Beaufort Sea and announced plans for 
transportation of Jiquified natural gas from the Arct ic 
Archipelago. Second was the Federal Government's National 
Energy Program shift to emphasis to the development of 
"frontier resources" . These announcements heral d the 
beginni ng of a new level of mar ine activity in Canada during 
the eighties . 

During the past decade an unusually large number of 
studies and conferences have been sponsored by Provincial 
and Federal Government agencies on the su bj ect of the 
industrial opportunities, technological gaps, research a nd 
development needs and manpower requirements relating to 
Canada's futu re ocean activities. Although these analyses 
conti nue to be repeated and updated, some basic facts shou ld 
be accept ed as abundant] y clear. 

a . The potential oil and gas resou rces lying beneath Canada's 
three oceans are several times larger than the rapid! y 
depleting conventional supplies in ter restri a l Canada . 
These resou rces are com parable to the country's other 
two big hydrocarbon energy sou rces - oi l sands and deep 
natural gas. 

b. The production of petroleum from these ice-frequented 
oceans, as from the other major sources, will be expensive 
and require new technologies . Canada's oceans are 
characteri zed by var yi ng combinations of extremes of 
permanent or dynamic ice cover, iceberg transit, seafloor 
scour, deep water, and unstable or hard rock seafloors. 

c. Ocean technology in Canada is st rong. Thi s is, perhaps, 
surprising in view of the small vo lume of activity that has 
taken place in Canada in comparison to other areas such 
as the Gulf of Mexico or the North Sea . But, Canadian 
based companies have been actively participating in 
wor ldwide industrial offshore vent ures a nd government 
a nd university scientists have been active in international 
programs . Within Canada, during the petroleum 
exploration phase, three significant new capabili ties have 
been successfully demonstrated: geophysical operations 
in and on ice, drilli ng from ice-strengthened vessels and 
from ice platforms, and dri lling in deep water. 

d . Accomplishi ng the next breakthroughs, those of cold 
ocean production and transportation, require a much 
larger effort. While exploration activities have had the 
flexibility of using optimum time "windows", there is a 
strong economic necess ity for production and 
transportation systems to be conducted year -round . 

It is not possible in this space to describe the numerous 
site- specific requirements wh ich are unique to Canada's 
oceans . It is possible, however, to assert that each project 
has its unique need for advanced technology, whether it is 
related to ice at the surface, water depth, or seaf loor 
characteri stics, or a combination of al l three . A common 
element is the high importance that engineering excell ence 
wi ll occupy in the design of acceptable systems . Safety 
requirements will be paramount to both industraiJ investors, 
to government regulators, and to all Canadians. Few places 
in the world are viewed by the public as c riti call y in need of 
envi ronmental protection as are northern waters . Production 
and transportation equipment and operation in Canada's 
oceans can be expected to exceed the qualit y of any other 
theatre in the world. 

Geoscientists will play a c rucia l role in the formulation 
of safe, yet economic solutions . The seaf Joor a nd shallow 
sub-sea sediments are of particular importance as new 
requirements are imposed by the presence of ice-scour, 
extremes of soft and hard bottoms a nd sub-sea permafrost. 
The geotechnicaJ component of well completions, down-hole 
equipment, sub-sea installations, we11heads, gathering 
systems , manifolds, risers a nd sub-sea pipelines will be 
extraordina ril y impor tant. 

The new thrust towards development of Canada's ocean 
resources will provide a n important a nd vigorous need for 
marine geoscientists in the eighties - in research, 
development, demonstration, design installation and 
operations . 

After three decades of exploration, analysis and 
planning, the decade of the eighties will be a time of 
implementation - a time when the nation will depend very 
heavily on its marine geoscientist s . 
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3. GOVERNMENT 

This section contains seven papers on government 
involvement in areas concerni ng the marine geosciences. 
Both federal and provincial involvement is outlined, with the 
dominance of federal activity being particularly apparent. 
Provincial, federal a nd international legal aspects are 
discussed and Canada's participation in international 
endea vours is reviewed. 

A major contribution to this report is made by 
M .J. Keen in "Marine Geosciences in the Government of 
Canada". The report received input from some 50 fede ral 
contr ibutors, with substantial contributions from P .G. SI y, 
R.D. Hyndman and C.P. Lewis. In the first part of this 
account, Keen has organized his material so that, perhaps for 
the first time, interested nongovernment workers can readily 
view the organization, areas of responsibility and activities 
of the various departments and their agencies . Keen then 
summarizes the financial resources in table form showing 
allocations by agency to the various programs, currentl y 
totalling $16 million. Finally, comments are offered from 
other fede ral scient ists . A brief paper on the geosciences in 
Northern Canada is provided by C.P. Lewis. While perhaps 
overlapping on the larger paper by Keen, this paper 
emphasizes the tenuous position of marine geoscientific 
research in the North. 

Jn a separate paper, M.J. Keen develops an outline of 
the Federal Environmental Assessment Review Process 
(EARP), particularly as it relates to the marine geosciences. 
He adds considerable depth to the paper by personal 
observation and comment. In particular, Keen points out that 
departments are required to undertake an increasing load of 
environmental assessment and resource-related activities 
without supportive increases in manpower and other 
resources . 

R.J . Harrison and I. Townsend -Gault provide a brief 
guide to "Legal Issues in the Canadian Continental Margin" 
with insight as to the status of ownership of various zones 
and regions under international constitutional law and under 
exploitation law. At present, national authority, to various 
limits, is claimed but not necessarily recognized . Further, 
Canada is involved in boundary disputes with the United 
States in four areas, and with France . Present federal and 
provincial laws, which are themselves in confli c t, deal only 
with petroleum resources, presumably leaving other seabed 
resources to await, perhaps for several years, a Canadian 
Continental Shelf Act. These matters are significant to 
geos cientists since the national obligation to inventory and 
regulate resour ces and the right to exploit them requires the 
authority of law. 

Papers by C .E. Keen et al. and M.J . Keen consider 
Canada's role in international marine geoscience. C .E. Keen 
et al. indicate that there is a high degree of international 
co-operation in marine geoscience partly because of the 
absence of legal territorial rights and partly because the 
mari ne geoscience community is still in its infancy and the 
oceans are vast and virtually unexplored . Although Canada 
actively participates in several major programs , our financial 
parti ci pation is minimal. Both papers stress the need for 
increased financial resour ces to parti cipate in international 
programs in light of the numerous benefits from co-operative 
research and data acquisition. 

R.D . Johnson indicates that there has been little serious 
invol vement of the Provinces directly in the marine 
geosciences. Indirectly, of course, some provincial support 
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for universities doing marine resear ch does exist but it must 
be regarded as minimal. In addition, there are some agencies 
including C-CORE (the Centre for Cold Ocean Research 
Engineering), and the Nova Scotia Research Foundation 
Corporation which are provincially funded in part and which 
carry out various types of contractual work . Most provincial 
involvement relates to coast line or very nearshore problems, 
except for Newfoundland which does not accept federal 
ownership of offshore resources and therefore concerns itself 
with this aspect. If a legal provincial right to offshore 
resources is established, provincial involvement in marine 
geoscience may increase dramatically. 

MARIN E GEOSCIENCES IN THE GOVER NM ENT OF 
CANADA - M.J. Keen, with contributions from P .G. Sly, 
R.D. Hyndman and C .P. Lewis 

Many departments of the Government of Canada have 
conce rns which involve the marine geosciences. The 
interests of some of them, such as Energy, Mines and 
Resources, will be obvious to the outside reader, but there 
are many other departments and agencies which play a very 
important but less publicly visible role. The basis for the 
involvement of staff of a department in a particular area of 
activity, such as the marine geosciences, is ultimately 
legislation of the Parliament of Canada that service of such
and-such a type wi II be provided to the public, and the 
interpretation of this by the department. The term "service" 
is used here very generally; the provision of maps of the 
geology of Canada is obviously a service, but so too is 
regulation of an a ctivity, such as that of drilling exploration 
wells offshore, to ensure so far as is possible that the 
potential benefits are not overwhelmed by potential 
disasters. This account would be very long indeed if an 
extended account and discussion of all the legislative 
authority which underlies the activities of all departments 
and agencies were included; instead, comments are made to 
illustrate particular points . 

The basis for the year-to-year operations within a 
particular area of activity are the expenditures authorized 
annually by Parliament; the Main Estimates - the Blue Book -
describe what is presented to Parliament. These estimates 
describe the activity and associated funding by "Program". 
However, programs (of service) do not always correspond 
exactly to organizational units, and the relationships change 
from time-to-time. The general reader will, of course, be 
more familiar with a unit such as the Geological Survey of 
Canada than with the components of a program through 
which it is funded; in the accounts which follow I have 
extracted from the Program Desc riptions - found in the Main 
Estimates - the parts which fit organizations as closely as 
possible, but there will be some inaccuracy as a result. 

Depart ment of Energy, Mines and Resources 

Eart h Science Sector 

The largest contribution from EMR to scientific and 
technical resear ch in the earth sciences offshore comes from 
the Earth Science Sector, through its Branches - the 
Geological Survey of Canada, Earth Physics Branch, Polar 
Continental Shelf Project and Surveys and Mapping. 

The work in the offshore by this sector comes 
principall y under a program with the objective: "To ensure 
the availability of timely earth science information, 



technology and expertise for effective management of the 
Canadian landmass and its resources, for land use and 
demarcation, the development of primary industries, regiona l 
and urban deve lopment, transportation, telecom munications 
and defence" . Appropriate parts of this program, with 
appropriate sub-objectives, correspond to the organization by 
branches . 

Geological &irvey of Canada 

The efforts of the Survey in the marine geosciences are 
directed principally through its Divi sion at Bedford Institute 
of Oceanography in Dartmouth, N .S., and its staff at the 
Pacific Geoscience Centre who a re part of the Cordilleran 
Di vision. The contr ibution of the Survey's Ottawa Divisions 
are, naturally, less focussed on the marine geosciences than 
a re those of their Atlantic and Pac ifi c colleagues, but they 
are nevertheless substantial and important . 

Atlantic Geoscience Centre. The Centre is a Division 
of the Survey, and one of the constituent laboratories of 
Bedford Inst itute of Oceanography. We describe the Institute 
itself - an important complex of laboratories - elsewhere, 
within the section concerned with the Department of 
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Fisheries and Oceans . However, it is important to draw 
attention here to the excellent rel ations which exist between 
the Atlantic Geoscience Centre and the other laboratories at 
the Institute, a nd to the servi ces provided by Fisheries a nd 
Oceans to the Geological Survey of Canada through the 
Atlanti c Geoscience Centre. 

The Atlantic Geoscience Centre has: the primary 
responsibi lity for all the geological and geophysical research 
work done by EMR in the offshore from the international 
border to northern Baffin Bay , except seismic monitoring and 
assessment of seismic ris k, which is the responsibility of 
Earth Physics Branch; shared responsibility in the Beaufort 
Sea, the inter-island channels of the Arctic, the Arctic 
Ocean. The Centre has the responsibility in the Geological 
Survey of Canada for all coastal regions except the West 
Coast; its staff work from time-to-time in the co nt iguous 
ocean basins. 

The Centre's programs are, in essence, designed so that 
the Geological Survey of Canada can provide advice and 
information concerning problems offshore important to 
Canada; the problems include those which are important now, 
a nd those - less clearly defined - whi c h will be important in 
the future. 

1 WEST COAST: gravity and magnetic (EPB-GSC) 
2 WESTERN ARCTIC: mostly gravity !EPB) 
3 HUDSON BAY: gravity and magnetic (EPB) 
4 EAST COAST: gravity and magnetic (GSC-EPB) 

Published in map form or released 

through Open File (GSC or EPB). D 

Figure 3.1. Status of potential field mapping offshore, 1981. Source: Geological &irvey of Canada 
and Earth Physics Branch. 
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Bedrock and Surficial Mapping: Potential Field 
Mapping . Mapping programs include surficial geology, 
bedrock geology, and potential field measurements . Much of 
the work is conducted under the multiparameter survey 
program with the Canadian Hydrographic Service, described 
below, and gravity measurements are incorporated into the 
data base of the Gravity Division of the Earth Physics 
Branch. This work has had several practical important 
consequences and the following are some examples. 
(1) Geological mapping offshore from Cape Breton Island 
aided the delineation of l billion tonnes of coal off Sydney, 
needed for developm ent of coal-fired power stations in Nova 
Scotia. (2) Surficial geology maps of the Scotian Shelf aid 
delineation of potential routes for gas pipelines from Sable 
Is land to the mainland. (3) Oil seeps and hydrocarbon-bearing 
rocks have been discovered off Baffin Is land and in Davis 
St rait. (4) Oil from Hi be rni a must be brought ashore by 
pipeline or by tanker; geological information acquired by the 
Centre shows that there may be difficulties with a pipeline 
because (indurated) Paleozoic rocks of the Appalachians 
outcrop for some distance east of ewfoundland; pipeline 
burial in these rocks to avoid iceberg scou r could be difficult. 

The work feeds other programs of course . It is used in 
geological compilations needed for resource appraisal. The 
potential field information (Fig. 3.1) has naturally been used 
in modelling the geological development of the Appalachians 
offshore, the Labrador Sea and Baffin Bay, and in developi ng 
thermo-mechanical models of the rifted margins off eastern 
North America . 

Geologi cal and geophysical mapping offshore depend on 
good technology. Adva nces which have been vital to these 
programs have been navigation (through the Canadian 
Hydrographic Service), in samplin g with rockcore drill s 
(through the Atlanti c Oceanographic Laborator y and 
Dalhousie Uni versity), and in high resolution seismic profiling 
(through a contract with Huntec ('70) Ltd.) . 

Resource Charting. Working with the Canadian 
Hydrographi c Service over the past 15 years, there have been 
systematic marine surveys off Canada's east coast of 
magneti c field, gravi t y fie ld and associated bathymetry and, 
more recently, seismic and side - scan profiling. 

Coverage has been completed in the Gulf of 
St . Lawrence, on the Grand Banks and Tail of the Banks . 
Line spacing in the Labrador Sea has been corn pleted to 
5 nautical mi les, approximate! y 85 per cent of the Scotian 
continental slope has been surveyed at 20 nautical miles and 
approximate ly 65 per cent of Davis Strait has been covered 
at 20 nautical miles . The present plans a re to compl ete the 
east coast offshore to northern Baffin Bay. 

Crustal Processes . It is important to be able to model the 
development of the rifted margins off eastern and Arctic 
Canada and the adjace nt ocean basins quantitatively, so that 
the history of thei r development and their physical prope rtie s 
can be predicted . Consequently a number of seismic 
experiments have been conducted to determine the physical 
properties of the crust and lithosphere using ocean-bottom 
seismometers; the history of vertical movement beneath 
parts of the margin can be found from the data provided by 
industry wells . The seismic experiments have been conducted 
over young ocean crust - the Nansen Ridge of the Arctic 
Ocean Basin (FRAM Experiment) - a ridge spreading very 
slowly, the Labrador Sea and Baffin Bay, the older part of the 
ocean crust of the Atlanti c (the LADLE experiment - Lesser 
Antilles Deep Lithosphere Experiment), and over the eastern 
Canadian margin itself. The experimental results have been 
a part of the input to theoretical studies with important 
consequences . We now have a thermo-mechanical model of 
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the margin, which successfully predicts observed gravity 
anomalies, heat flow, and source-rock maturation. We also 
have a model which predicts the properties of oceanic crust 
which has - as it must - variable rates of spreadin g; this had 
been ignored before, and the key turned out to be data from 
the ridges which are spreading most slowly, such as the 
Nansen Ridge . 

Modern Geological Processes . Studies of modern processes 
are conducted in most e nvironments in the Canadian offshore 
(Fig. 3.2) . (1) Work in the coastal regime is part of a program 
to map the coastlines of Canada and to understand the 
principal geological processes involved. It is done in 
co-operation with a variety of other agencies, mentioned 
elsewhere . Work in this field was important when the 
Kurdistan broke up in 1979 off Cape Breton . It forms the 
basis fo r planning harbour developments by the Department 
of Transport in th e Arctic Isl ands . It forms the basis for 
planning fo r oil-spill countermeasures by the Department of 
Environment, and, as with all the work on modern processes, 
is an important part of the base of knowledge underlying 
e nvironmental assessments. An understanding of coastal 
processes in the barrier-island systems of the Gulf of 
St. Lawrence has led to the development of facies models, 
useful to geologists working on land. (2) Work in the Bay of 
Fundy has been directed towards answering the question : if a 
tidal barrage is constructed in one of the basins, will the 
sediment load f ill the head pond? Thi s has involved 
interesting applications of satellite imagery, to determine 
the suspended sediment concentration in a regime in which, 
through high tides and high currents, properties are changing 
rapidly and normal sampling techniques are inadequate . 
(3) An integrated program is underway in the Hibernia region, 
involving bedrock and surficial geology; studies of sediment 
movement; studies of ice-scour . Thi s will enable the Centre 
to comment c redibl y on proposals for development of the 
field. (4) Iceberg scours (Fig . 3.3) are being studied 
systematically on the shelf of eastern and Arctic Canada, in 
conjunction with others such as C - CORE, of Memorial 
University; the aim is to be able to predict the impact of 
scou rs, and predict their effects in different areas. The work 
involves mapping a reas repetitively - to identify new scours, 
and investigating the rates at which scours are filled in, so 
that the ages of old scours can be estimated. (5) The Centre 
has a joint program with industry, with other parts of the 
Survey and with Earth Ph ysics Branch in the Beaufort Sea. 
Its staff are trying to put together a model for the 
development of the Beaufort Sea in the Quaternary, and are 
integrating its own regional studies with industry's site
specific studies . (6) A lot of work has been undertaken with 
agencies such as the Atlantic Oceanographic Laboratory in 
inlets of the east coast , to est ablish, for example, the 
rel ationships between river discharge and sediment transport. 
Thi s re lationship has implications for defining the 
relationships of climatic trends to the local hydrological 
cycle ; in inlets such as the Saguenay Fiord geological a nd 
isotopic studies can, in the right ci rc um stances, resolve times 
as short as one year. Consequently problems of trends in 
c limate with durations of ten to hundreds of years can be 
addressed . (7) Other work carried out in inlets has 
emphasized the pathways of chemical transport from natural 
drainage systems and potential sour ces of pollution . The 
emphasis of this work has been to determine mechanisms of 
transport and deposition of metals in the estuarine 
environment and coastal waters. We want to know the 
residence times of metals in estuaries and the open ocean . 
For example, studies on transition metals such as mercury, 
cadmium and lead have been carried out in the industrialized 
Strait of Canso, in the Bay of Chaleur and Miramichi Estuary. 
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Figure 3.2. Location of coastal investigations by numerous agencies, to 1981. Source : Geological 
&lrvey of Canada . 

A num ber of nations are considering the possibilities 
that the seabed of the deep ocean basins may contain suitable 
sites for the disposal of high- level radioactive wastes from 
the point of view of reducing the radiation hazard to 
mankind. Most of these nations participate in the Seabed 
Working Group of the Nuclear Energy Agency, which is an 
agency of the Organization for Economic Co-operation and 
Development (OECD). Canadians will only be able to 
comment credibly on the seabed as an option if we do 
comparable work ourselves . Consequentl y, a small group of 
scientists from the Atlantic Geoscience Centre has a modest 
program, primarily geochemical, which is funded in part by 
Atomic Energy of Canada Ltd. 

The program is designed to determi ne the capacity of 
deep sea sediment to act as a natur al barrier to the diffusion 
of radionuc lides. Work is being done in several parts of the 
ocean basins, and this includes; regional stratigraphy using 
high resolution seismic methods; chemical analysis of 
sediments and their pore waters to determine c hemical 
partition of trace elements; measurement of heat flow to 
determine advective diffusion (this is with the Earth Physics 
Branch); sediment stability; and ion mobilit y. The research 
on marine clays may, of cou rse, contribute to the solution of 

problems of disposal on land, whe re natural barriers may 
include clays as backfill, subject to interference by 
groundwater. 

The sediments of the seabed would of course only be a 
first-order barrier; to estimate hazards to mankind from 
seabed emplacement we have to consider the effects of 
leakage from the sediments, and the possibility of accide nts 
during emplacement. Both of these could introduce radiation 
into the deep-sea benthos a nd into the oceans themselves. 
Scientific problems of these sorts, when concerned with high
level wastes, are similar to those which arise in low-level 
dumping, and Canadian laboratories such as the Atlantic 
Oceanography Laborator y of Fisheries and Oceans have made 
an impact internationally in this field, worki ng with agencies 
such as the International Atomic Energy Agency and the 
Nuclear Energy Agency (mentioned above). Modelling the 
effects of high-level wastes in the oceans is now being 
undertaken. Canadians are making a significant cont ri bution 
to this work, through the body known as GESAMP - the Group 
of Experts on Scientific Aspects of Marine Pollution. This 
body is sponsored by a variet y of agencies of the United 
Nations, and is headed by a Canadian from the Atlantic 
Oceanographic Laboratory . 
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Figure 3.3. Locations of ic e scour studies to 1981 , including relict and recent scour . 

Regional Geology of Sedim entary &isins . The objec tives of 
this program are to provide a detailed understanding of the 
subsurface geology of the Pa leozoic-Cenozoic sedimentary 
basins of offshore eastern Canada, the eastern Arcti c and the 
North Atla ntic, and to de termine the most precise estimates 
of oil a nd gas resources in these basins . Simi lar studi es are 
also carried out on the Carboniferous basins of the Atlantic 
Provinces and coal reser ves and properties are calculated fo r 
bot h onshore and offshore. The regional geology is 
reconstr ucted from industry data, which include multi c hannel 
seismic records and well sam ples and reports, a nd in-house 
programs such as bedrock mapping and ac quisition of gravit y, 
magnetics and refrac tion data . 

The program has resulted in definitive works on the 
subsurface geology of the Scotian Shelf, Grand Banks, 
Labrador Shelf and North Atlanti c , and maps showing the 
geology a nd sediment thi c kness of our margin . From this 
major efforts have concentrated on deve loping predi c tive 
models for correlations of the shelf and s lope geology with 
that of the deep ocean basins of the North Atlanti c. Further 
studies are also planned on the Late Jurassi c-Earl y 
Cretaceous carbonate banks enc irc ling the North Atlantic 
and com parison of passive and act ive margin regimes . 
Throughout, the re has been continuing parti ci pation in the 
Dee p Sea Drill ing Project. 
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Stratigraphic Studi es . Biostratigraphic and li thostrati
graphic analyses of offshore well samples form the basis for 
the regional geology studies . Fossil groups used for 
correlating the sediments and determini ng paleoenvironments 
include foraminifera, ostracods, dinocysts, spores and 
nannopl a nkton. The biostra ti graphic framewor k established 
for the Mesozoic-Cenozoic perm its correlation with deep-sea 
sediments of the North Atlanti c and European t ype sections . 
Considerable effort has been devoted to refinement of the 
biostratigraphy by introduct ion of quantitati ve techniques 
usi ng sophisticated computer software . 

Source rock evaluation, of great significance to the 
searc h fo r oil and gas, includes visual kerogen analyses, and 
vit rinite reflectance . Organic geochemistry is carried out in 
Calgary. Coll a tion of such data fo rms the basis for 
predic tive models of hydrocarbon generat ion on our margin, 
and hence on other passive cont inental margins . It is 
inte nded to fu rthe r refine such investigat ions in the coming 
decade. 

Instrument Development and Data Management. Working at 
sea or on the ice demands good logisti cs , advances in 
instrumentation, and good management of large quantities of 
data . It is worth mentioning therefore that the Centre has 
developed its own ocean-bottom seismometers, a nd an 
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Figure 3.4. Aeromagnetic profiles obtained in Baffin Bay and northern Labrador Sea by the North 
Star aircraft of the National Aeronautical Establishment in co-operation with the Geological &lrvey 
of Canada . The short wavelength anomalies produced by Tertiary basalt in the Davis Strait area 
produce a distinctive pattern . The U-shaped anomaly in the Melville Bay area of western Gr eenland 
reflects the presence of a sediment-filled graben which runs parallel to the Greenland coast (from 
Hood, P. and M.E. Bower, 1975, Canadian Society of Petroleum Geologists, Memoir 4, p. 433-451). 
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instrument for monitoring sediment processes on the 
seafloor . The Centre has co llaborated with many other 
agenc ies in a variety of developments, mentioned elsewhere 
in this report. Data-base systems have been deve loped for 
palynology, of various sorts, and for management of potential 
field and bathymetric data . Huntec ('70) Ltd. have developed 
a dee p-towed high resolution seismic system and real-time 
acoustical analytical programs for mapping the surficial 
sediments of the seafloor; this has been done under contract 
to the Government of Canada, with the Scientific Authority 
at the Centre, and with funding from severai agencies. 

Resource Geophysics and Geochemistry Division, 
Ottawa. Staff from this Division contri bute to seismic 
studies of permafrost, ice-bonded sediments and gas 
hydra tes, particularly in the Beaufort Sea, where they wor k 
closely with the Atlantic Geoscience Centre and the Earth 
Physi cs Branch. From time- to-time the Division runs low 
level aeromagnetic flights and surveys in the ocean basins 
contiguous to Canada (Fig. 3.4 ), as it did on the Lomonosov 
Ridge experiment, for example. Some of this work is done 
co-operatively with the National Aeronautical Establishment, 
who have a very well equipped aircraft . The division has 
compiled aeromagnetic data for all Canada north of 60°N . 
This includes water-covered areas, as well as the land; data 
provided by industry were important in this compi lation . 
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Terrain Sciences Division, Ottawa. This Division has 
had a major influence on the Survey's marine programs 
because of the presence of a coastal and marine group, 
transferred recent ly to the Atlantic Geoscience Centre and 
the Pacific Geoscience Centre. The Division has the 
principal knowledge in the Survey of glacial processes and 
Quaternary st ratigraphy, based on their work throughout 
Canada. Consequent ly, there is a lot of interaction with 
colleagues from the Pacific Geoscience Cent re and the 
At la nt ic Geoscience Cent re where their work interacts 
(particularly in coastal regions); Terrain Sciences is 
undert aki ng a corn pilation of sea level changes and coastal 
uplif t. The Division consolidates and co - ordinates a great 
deal of Quaternary geology in the Arc tic, on behalf of the 
Branch. One scientist of the Division located in the 
Cordi ll eran Division, Vancouver, is involved in coastal studies 
on occasion . 

Institute of Sedimentary and Petroleum Geology, 
Calgary . This Division of the Survey has the responsibility 
for the rocks of Phanero zoic and Proterozoic age of the 
eastern part of the Cordillera, the Interior Plains, and 
Northern Canada. Consequently, this Division studies the 
bedrock and sub-surface geology of the Mackenzie Delta and 
the Beaufort Sea, and the Arctic Islands (Fig . 3.5) using 
industry wells as one of its data bases. The contributions are 
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Figure 3.5. Distribution and thickness of sedi mentary basins of Canada, onshore and offshore . 
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similar to those of the Atlantic Geoscience Centre 's from the 
point of view of the Mesozoic-Cenozoic sedimentar y basins in 
the Arctic and offshore; for example, biostratigraphic 
studies, and geological syntheses. The Di vision has the 
principal responsibility in the Survey for organic 
geochemistry, and in this field deals with wells from all 
frontier areas - many of which lie offshore. It has the 
principal responsibility too for the hydrocarbon inventory 
program of Energy, Mines and Resources, discussed 
elsewhere. The Institute is the repository for samples and 
cores from wells north of 60°N administered by the 
Department of Indian Affairs and Northern Development, and 
from wells in the Pacific offshore, administered by Resource 
Management Branch of EMR. 

Earth Physics Branch 

The activities of the Earth Physics Branch in the 
marine geosc iences are channeled through five national 
programs: gravity, geodynami cs, seismology, geothermal, 
and geomagnetic, operating from the Ottawa Office or the 
Pacific Geoscience Centre . 

Gravity, Geothermics and Geodynamics Division. This 
Di vision of Earth Physics Branch has the responsibility for 
the Federal government's gravity programs throughout 
Canada including the offshore (Fig. 3.6*). Operationally, the 
Division maps the gravity anomaly field over all marine areas 
of Canada except the east coast offshore which is mapped by 
the Atlantic Geoscience Centre. As part of this program the 
Division carries out research and development in hardware 
and software systems for acquisition and reduction of marine 
gravity data. In addition, the Canadian Gravity 
Standardization Net is maintained which provides datum and 
scale standards for land and marine gravity surveys and the 
National Gravity Data Base which provides gravit y and 
related data to users in the public and private sectors both 
nationally and internationally. The data base is used also for 
in-house geodetic studies and for studies that contribute to 
an understanding of local geological features and regional 
geological frameworks in Canada and the offshore. The 
Division co - operates with a number of other organizations; in 
measuring gravity at sea, with the Atlant ic Geoscience 
Centre; in measuring gravity from sea ice, with the Canadian 
Hydrographic Service (interested in bathymetry, needed for 
reduction and interpretation of gravity observations); in many 
Arctic operations, with the Polar Continental Shelf Project 
which provides logistical support. The Division played a 
leading role in the Lomonosov Ridge Experiment in the 
Arctic Ocean Basin (LOREX) a nd has initiated plans for the 
Canadian Expedition to Study the Alpha Ridge (CESAR) 
in 1983. 

The Di vision undertakes a wide range of geothermal 
studies including a broadly based research program on the 
distribution and physics of permafrost phenomena and gas 
hydrates throughout the north including the offshore. Much 
of the fundamental research on the physics of permafrost 
phenomena is undertaken in co-operation with university 
groups under cont ract . 

Seismology and Geomagnetism Division. The Division 
of Seismology and Geomagnetism has the responsibility 
within the Federal Government for the operation of the 
Canadian National Seismic Network, the determination of 
seismicit y and the making of assessments of seismic risk in 
Canada, both onshore and offshore . Seismic studies of the 
crust and lithosphere are undertaken throughout the country, 
off the west coast, in the Arctic Islands and in the Arct ic 
Ocean. 

*See inside front cover. 

The Division is responsible for providing information on 
the direction and strength of the earth's magnetic field over 
Canada and adjacent waters (Fig. 3.7), for many applications 
including navigation and geophysical exploration. Magnetic 
information on current charts is based on three-component 
airborne surveys at a line spacing of about 50 km, conducted 
by the Di vision between 1969 and 1976, updated from land
based and satellite observations. 

The Division studies the structure and history of the 
earth's c rust not only through its magnetic properties, as 
revealed by magnetic anomalies and paleomagnetic evidence, 
but also through its electrical properties, as deduced from 
investigations of electromagnetic induc tion from natural 
geomagnetic variations . Time-varying magneti c fields, and 
recently, e lectric fields have been recorded on the ocean 
floor west of Vancouver Island, with instruments housed in 
the same spher ical cases and deployed in the same way as the 
Branch's ocean bottom seismometers. Electromagnetic 
induction experiments have been conducted for many years 
from the sea ice of the Arctic Ocean, using unmanned 
recording stations deployed by aircraft. Recently, 
magnetotellur ic observations were made as well on the 
Lomonosov Ridge Experiment, with excellent results. 
Magnetic gradiometers were also operated on this expedition, 
with one proton magnetometer at the surface and the second 
suspended 200 m be low. 

Both divisions are frequently involved in providing 
advice to industry and regulatory bodies on seismic risk and 
permafrost problems, and are active participants in the 

Figure 3.7. Launching the Ocean Bottom Magnetometer. 
The instrument package is attached to a concrete anchor 
which retains it on the ocean floor until the recording period 
is over and the .release mechanism is activated. After 
release the sphere floats to the surf ace for recovery by the 
survey sh ip . (GSC 203922) 
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reviewing of environmental impact statements associated 
with major development and construction projects onshore 
and offshore. 

Earth Physics Branch and the Geological survey of Canada 

Pacific Geoscience Centre. The Pacific Geoscience 
Centre is one of the laboratories of the lnsti tute of Ocean 
Sciences, Patricia Bay, Sydney, B.C. on Vancouver Is land . 
(The Institute itself is described in the section on the 
Department of Fisheries and Oceans .) The Centre is made up 
of staff from the Earth Physic s Branch, who form the Pacifi c 
Geophysics Division, and staff from the Cordilleran Division 
of the Geological Surve y of Canada, who form the Pac ifi c 
Marine Geology Subdivision. There is a total of about 42 
staff members, including visiting scientists and visiting 
fellows; about 22 are scientific staff. Many facilities are 
shared with the laboratories of Fisheries and Oceans (who 
make up the largest part of the Institute), such as computer 
services, library, and ships. (The administrative 
arrangements differ in detail from those at Bedford Institute 
of Oceanography; this is not important here .) 

The Centre is charged rather broadly with: the geology 
and geophysics of the continental margin of the west coast. 
However, this is also the centre for most of the work by 
Earth Physic s Branch in the whole Cordillera . At sea, staff 
from the Centre work off the west coast, in the Beaufort 
Sea, and from time-to-time take part in major expeditions 
such as LO REX. 

The programs of the Centre in the marine geosciences 
include the following: 

Resource Charting . Working with the Canadian 
Hydrographic Service over the past seven years, there have 
been systematic marine surveys off Canada's west coast of 
magnetic field, gravity field, seismic profiling and associated 
bath ymetry . The line spacing has been approximately 5 km 
over the continental shelf and JO km over the deep ocean, 
except for the seismic profiles which are at a larger spacing. 
All shelf areas and deep water areas to JOO nautical miles 
from the outer coast have been completed. The survey to 
200 nautical miles (370 km) should be completed by 1985 . A 
similar program in the Beaufort Sea and Amundsen Gulf has 
been completed. 

Off shore West Coast Seismicity. As part of the programs 
direc ted at the seismicity of western Canada, a significant 
effort is made to study earthquakes in the highly active zones 
just off the coast. The offshore events on the Juan de Fuca 
ridge system faults and the Queen Charlotte fault zone a re 
moni tored, located and studied using both the permanent land 
arra y of seismograph stations in western Canada, and by 
temporary arrays of ocean-bottom seismographs. A major 
program to accurately determine epicentres and other 
parameters using a telemetred seismic ar ray is operated in 
the Vancouver Island area. The onshore and offshore 
programs contribute information on the tectonic regime 
along the western margin, because along the coast the 
dynamic process is continuous from the ridge crests offshore 
to several tens of kilometres inland . 

Detailed Studies of the Tectonic Framework . An average of 
one or two offshore cruises each year are directed toward 
detailed study of some area that is important to the 
understanding of the plate tectonic framework of the eastern 
Pacific Ocean. Studies include seismicity, magnetics, 
gravity, seismic profiling, heat flow, seismic refraction, etc . 
Recent investigations have included the Winona Basin, the 
Queen Charlotte fault zone and the margin subduction zone. 
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Geological Structure of the Continental Margin. Detailed 
geological studies are carried out along the margin beneath 
the continental shelf and adjacent deep sea floor through 
analysis of single and multichannel seismic profiles, wildcat 
petroleum well data, and through other geological and 
geophysical data . These studies have been complemf'nted by 
geological mapping using the submersible Pisces IV and by 
mapping on land, notably on the Queen Charlotte Islands. 
The work includes studies of the biostratigraphy of the 
Mesozoic and Cenozoic offshore and onshore . The concepts 
being developed concerning the allochthonous terrains of the 
margin have a major bearing on petroleum possibilities off 
the west coast. A major geological study of the Georgia 
depression will begin in 1982. 

Continental Shelf SUrficial Geological Mapping. A program 
of continental shelf surficial geological mapping has 
continued over the past four years with grab samples being 
described and analyzed for sediment dynami cs, sediment 
texture, organic carbon and nitrogen. This sampling program 
is complemented by observations with the Pisces IV 
submersible, by bottom photography and by seismic and side
scan profiles. 

Inlet Sedimentation . 3.5 kH z subbottom profiling, seismic 
profiles and side-scan profiles along with gravit y cores have 
been used to study the sedimentary structure and 
sedimentation processes in the inlets or fiords of the west 
coast of Canada. Special detailed studies have been carried 
out where industrial development exists or is proposed. 

Coastal Geology. An inventor y is being made of the coastal 
types along the British Columbia coast, through existing 
maps, air photographs and ground mapping. Detailed 
geomorphological studies are being carried out in areas of 
Strait of Georgia, Juan de Fuca Strait and Hecate Strait . 

Delta Sedimentation. A comprehensive study has been 
carried out of the sediment distribution and sedimentary 
processes of the Fraser River Delta. Of particular concern 
are changes to the hydrodynamic and sedimentological 
environment caused by past and proposed industrial 
development. This includes ground mapping, cores and other 
samples, air photographs and current meter data. Studies 
have been initiated on several other deltas where industrial 
development is proposed. 

Offshore Seismic Refraction. A seismic refraction program 
of the offshore crustal and upper mantle structure has been 
carried out about once each year, working with the 
University of British Columbia's Department of Geophysics 
and Astronomy. The programs have been directed at the 
structure beneath the deep sea and across the margin from 
the deep seafloor to the continent . 

Marine Geothermal Studies . A program of offshore 
geothermal heat flow measurements using the ocean probe 
technique has continued for several years directed mainly at 
the deep thermal structure of the Juan de Fuca ridge system . 
The radioactive heat production of bottom samples has been 
determined using a gamma ray spectrometer . The marine 
heat probe technique has also been employed extensively in 
the deep west coast inlets. These data complement the 
conventional land borehole data available for determi ning 
regional variations in heat flow and evaluating the 
geothermal ener gy potential of western Canada. 



Geomagnetic Induction Studies. Self-contained deep ocean 
bottom magnetometers a nd electric field recorders have been 
developed and operated over short periods during the past 
five years to det e rmine the deep electrical structure of the 
oceani c crust and upper mantle. The data have proved to be 
ver y valuable for determining the age dependence of the 
thickness of the lithosphere. The offshore recording has also 
been combined with sim ultaneous onshore recordi ng to 
determine the dee p electrical str uc ture across the 
continental margin. 

Polar Continental Shelf Proj ect 

The Polar Continental Shelf Project is a Branch of the 
Earth Science Sector of EMR. Its objective - one of the sub
objectives of the Ea rth Science Services Program, through 
which it is funded - is: "To contribute to the orderly 
scientific investigation of Canada's pol a r continenta l shelf, 
the contiguous Arctic Ocean a nd mainland re gions a nd to 
maintain and improve the logisti cs requi red for scientifi c 
investigations in a n Arctic environme nt". The Proj ect is 
described as: "The st udy of scientifi c problems unique to 
Arctic Canada and the provision of co -ordina ted logistic 
support to public and private sector groups conducting 
sc ient ific stud ies in the Arcti c ; the provision of information 
about scientific operations in the Arctic to the scient if ic 
comm unity a nd to the local inhabitants". 

The Project has contributed signif icantl y to the marine 
geosciences in its studies of sea ice. The Sea Ice At las 
produced recentl y is a n example; volumes covering 1961-1 974 
have been published, and the volume for 1975-1978 will be 
published in 198 1. However , its greatest contribution is the 
organization and logistical su pport it contributes to the 
Arc tic programs of other organizations; this is a vi t a l 
servi ce . The Project suppor ts many Arctic programs: the 
universities; Fisheries and Oceans, including the Canadian 
Hydro graphi c Service; Geo logical Survey of Canada; Earth 
Physics Bra nc h; Canadian Wil dlife Service; Freshwater 
Institute , Winnipeg. The type of support provided includes: 
establishment of navigation systems for work offshore; 
c harter and provision of aircraft and helicopters; 
establishment of field camps; maintenance of bases at 
Resolute Bay and Tukto yaktuk eac h f ield season. The Project 
carries out an important liaison func tion with the native 
people of Canada. 

The Project provided the major logis tical support for 
the Lomonosov Ridge Experiment, and will do the same in the 
Canadian Expedition to study the Alpha Ridge in 1983 . 

Surveys and Mapping Branch 

This Branch has an important role in service to the 
marine geosciences, and in regulating positioning offshore. 
Two of the Branc h's sub-objectives are: "To ensure the 
availability of geodetic information concerning the Canadian 
landmass based on interna tional standards and nationa l 
crit e ri a for geodetic reference system s"; "To ensure that 
surve ys of Canada lands are executed and preserved in 
accordance with the Canada Lands Surveys Act and other 
existing statutes and regul ations; to ensure the integrity of 
the boundary between Canada and the United States". The 
Surveyor-General is responsible for approving plans for 
positioning proposed by a company engaged in explora tion 
offshore, under the Canada Lands Surveys Acts. The Branch 
establishes geodetic control ons hore. One program of the 
Branch is of direct interest to earth scientists; geodetic 
co ntrol has been established across Nares Strait between 
Canada and Greenland. A survey in years to come may 
establish directl y whether or not there is crustal motion now 
along the feature. 

The Branch co-opera tes with many others; it prints 
gener a l bathymetric cha rts for the Hydrographic Se rvice; 
base maps are provided at appropriate scales for coastal 
mappin g; advice is give n on appro priate scales a nd 
projec tions for maps fo r a whole host of purposes. 

Research and Technology Sector 

Canada Centre for Rem ote Sensing 

The Canada Centre fo r Remote Sensing is the nucleus 
of a national program in remote sensing which is introducing 
this relatively new technology into established research 
management and environmenta l monitoring agenc ies in 
Canada . 

The Centr e operates un der the guidance of the 
Inter- Agency Comm ittee on Remote Sensi ng, on which sit 
representati ves of appropri ate departments of the Federal 
Government a nd the general public. This Committee 
co- ordina tes the nationa l efforts in conjun ction with the 
working groups of the Canadian Advisor y Committee on 
Remote Sens ing . There are thir teen wor ki ng groups 
representing the discipli nes wh ich support or use techniques 
of re mote sensi ng; of particular interest here are the wor ki ng 
groups on: geoscience; water resources; oceanography; ice. 
The act ivi ti es of the Centre are concentra t ed on earth 
resource sat ellite programs (LAN OSAT) , ai r borne research 
sensing programs, and applicati ons programs . The faci liti es 
available include two receivi ng stations (Shoe Cove, 
Newfoundland and Prince Albe rt, Saskatchewan), four 
ai rcraft with a vari ety of sensors, and equipment for image 
processing and ana lysis . 

The re have been a number of progra ms interesting to 
marine geoscienti st s. We give several examples. 
(l) LANOSA T imagery was successfully used to estimate 
suspended sediment concentrations in the basins of the Bay of 
Fundy; because of extrem ely high tides, and strong cur re nts, 
leadin g to sediment concentrations in the water changi ng 
wit h time, "norm al" shipboa rd sampling programs would have 
been inadequate. (2) Ice reconnaissance, using LANOSAT 
images and ai rborne Synt heti c Aperture Radar. This is 
devoted t o iceberg movem ents, studies of multiyear ice, 
detection of pressure ridges and the movement of ice in 
gener al. Icebergs which are a good deal smaller than the 
nomina l resol ut ion of LAN OS A T (80 m) can be detected in 
open water. (3) Oil seeps off Scott Inlet, Baffin Island were 
successfully mapped using laser fluoro-sensors and t elevision 
system s working at low li ght levels. (4) Ai r borne 
hydrography. 

There are several proposals fo r future advances. 
(1) Canada is negotiating with Fra nce for access to the da t a 
from its satellite "Spot"; (2) Canada is proposing a ma jor 
program for our Synthetic Aperture Radar , fo r incorporation 
in satellites proposed by NASA or the Euro pean Space 
Agency; (3) A thir d possibility is that Canada builds its own 
satell ite . A major appli cation of future programs involving 
Synthetic Aperture Radar would be ice reconnaissance in the 
Arctic. 

The USA will be launching a new satellite LAN OSAT-0 
in 1982 , which will have higher spectr a l and spati al resolution 
than LAN OSA T 1, 2 and 3. Canada will participate in 
acquiring data from this satellite, which will require a major 
investment because of increased data rates . 

Canada Centre fo r Mineral Technology 

"CANMET" has little active participation in the mar ine 
geosciences. However, the expertise of its staff extend to 
problems of welding underwater and to considerin g sources of 
silica sand from the offshore, needed in foundries. 

31 



Canada Oil and Gas Lands Administration 

Canada Oil a nd Gas Lands Administ ration , COGLA, is 
responsible to two departments, Energy, Mines and Resources 
and Indian Affairs and Northern Development, for 
management of hydrocarbon resources on all federal lands -
those of the Northwest Territories and the Yukon, and the 
Canadian offshore . The Administration's responsibilities are 
somewhat intertwined with three other departments (in 
addition to EMR a nd Indian Affairs and Northern 
Development) - Environment Canada, Transport Canada and 
Fishe ries and Oceans. The Department of the Environment 
has the responsibility for: matters concerned with the 
qual ity of the environment where Canada has jurisdic tion and 
which are not assigned to other departments; responsibility 
for environmental emergencies to see that proper 
mechanisms are in place, and that appropriate environmental 
advice is received by an on-scene commander in an 
emergency (who, offshore, will be from COGLA, or the 
Department of Transport); the Department is responsible for 
weather services. The Department of Transport has 
regulatory responsibility for clean-up of pollution whi c h 
comes from vessels; COGLA takes the lead role in problems 
which may result from wells offshore . Fisheries and Oceans 
have the major responsibilities for resea rch and surveys in 
physical, chemical and biological oceanography (and many 
other matters, naturally). The potential problems which 
overlapping "jurisdictions" could lead to are add ressed by 
appropriate interdepartmental agreements, committees, a nd 
close contacts at working levels . As an example, there is 
agreement between COG LA and the Department of Transport 
that in the event of an oil spill from a n oil tanker the 
on-scene commander will be selected by Transport, but in the 
event of a blow-out from an offshore well, by EMR; in the 
latter case , Transport will provide water-borne clean-up and 
expertise to EMR . Scientific advice is provided by a variety 
of agencies if an emergency arises . For exampl e, a team 
from Bedford Institute of Oceanography is established to 
advise on oceanographic matters; the team is organized by 
Ocean Science and Surveys of the Department of Fishe r ies 
a nd Oceans, and includes staff from the Geological Survey of 
Canada of EMR to provide advice and information concern ing 
the coastal regime . 

COG LA naturall y plays a substantial ro le in the Federal 
Environmental Assessment and Review Process, which is 
described elsewhere. However, quite apart from this formal 
process, the Administration encourages companies planning 
developments offshore to make proper environmental studies . 
Consequent! y, initial e nvi ronment al evaluations are 
encou raged at earl y stages of planning; examples of such 
work a re : the assessment of delineation drilling in the area 
of Sable Island (Mobil), and an initial environmental 
evaluation of the Labrador Shelf (Petro-Canada). 

COGLA has five Branches . (1) Land Management -
distribution and management of Canada lands; petroleum 
interests and condition of tenure, etc ., (2) Engineering and 
Control Branch regulation and safety of offshore 
operations, (3) Resource Evaluation Branch resource 
appraisals, in conjunction when appropriate with the 
Depar tment Oil and Gas Appraisal Program, (4) Environment 
Protection Branch - environmental safety connected with 
hydrocarbon development on Canada Lands, (5) Canada 
Benefits Branch - to ensure that hydrocarbon developments 
benefit the nation in their ut ili zation of goods, ser vices and 
people . 

COGLA maintains small units in Dartmouth (Bedford 
Institute of Oceanography ), and in St . John's. Most of the 
Administ ration are in Ottawa. 

The proper management of geological samples and 
geophysical data provided by companies is most important 
from the point of view of geological and geophysical research 
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in the offshore. COGLA maintains curation facilities at 
Bedford Institute of Oceanography, and facilities for public 
exam ination of material which has to be suppl ied by 
companies working in the offshore. This mater ial comes 
from wells on the fede ra l lands in the Atlantic offshore, the 
Hudson Bay and Hudson Strait regions and the eastern Arctic 
offshore. A similar facility for materi als from the Pacific 
offshore, from lands in the remainder of the Arctic, and in 
the east coast offshore is maintained in Calgary by the 
Geologi c al Survey of Canada . 

We should note here that much of the scientific data 
used by COG LA a re provided by industry . The organization 
could not carr y out its mandate but fo r the excellent quality 
of these data. 

Department Oil and Gas Appraisal Program 

The Government of Canada needs appraisals of the 
nation's oil and gas resources so that energy policies can be 
properly formulated . Many of the nation's potential 
resources lie offshore, and so the program may be of interest 
to marine geoscientists . 

The Petroleum Reso urces Appraisal Panel is a panel of 
senior officials representing those who need information on 
resources offshore - for economic projections, for example, 
and those who can supply it . The information on offshore 
resources is provided by the Petroleum Resources Appraisal 
Sec retariat, whose headquarters a re at the Institute of 
Sedimentary and Petroleum Geology of the Geologi cal Survey 
of Canada in Calgary. 

The Secretariat is served by geologists and 
geophysicists from the Geological Survey of Canada (Atlantic 
Geoscience Centre, and the Institute in Calgary), and Canada 
Oil and Gas Lands Ad ministration, Ottawa. They will work 
initially individuall y, but meet in due time as a committee of 
scientists to disc uss their individual results. The data base 
which is used by the scientific staff is a mixture of 
confidential geological and geophysical data provided by 
industry (available only to the scientists involved in the 
appraisal exercises), and data provided by scientific staff of 
the government agencies themselves. The industry data will 
include, fo r example, multichannel seismic data acquired in 
the course of exploration, a nd well -logs . The government 
agencies' own data wi ll range from geochem ical analyses 
pertaining to maturation, to biostratigraphic syntheses. 

We must not negle ct here the ver y important rol e which 
is played by the government agencies ' scientific staff who in 
the cou rse of their own work provide information and ideas 
without which appraisals would be difficult to do . As an 
example, the individuals conducting appraisals of prospects 
need biostratigraphic and lithostratigraphic analyses . 
Without the scientific base, the appraisals cannot be done. 
Biostratigraphy and lithostratigraphy in their turn rest on 
other good science - good taxonomy, advances in quantitative 
biostratigraphy, and advances in seismo-stratigraphy; and the 
regional geology cannot be well done without an 
understanding of the behaviour of the li thosphere, vertically 
during subsidence, horizontally during ocean-floor spreading. 

Department of Fisheries and Oceans 

The Department of Fisheries and Oceans has a large 
impac t on the geological and geophysical activities offshore 
of many organi zations from government, industry and 
university, fo r a var iety of reasons. (1) The Department's 
program specifically includes: " ... promotion and support of 
international co-operation on the study and use of the ocean, 
seabed, a nd resources thereof, a nd international efforts to 
deal with mari ne e nvironmental problems; conduct of 
hydrographic and other types of coastal and oceanic surveys 



direc ted towards the production of navigation, resource and 
recreational charts ... systematic survey and chart production 
of coastal and inland navigable waters and mapping of the 
offshore waters." One c onsequence of this is that the 
Department has the principal national representation on 
major international oceanographic bodies, many of which deal 
(in part) with geological and geophysical matters. A second, 
more obvious consequence, is the Department's programs in 
hydrographi c c harting, nearshore and offshore, and all 
geologists and geophysicists need to know the shape of the 
seafloor. (2) The Department operates the nation's two major 
oceanographic institutes which support directly and indirect ly 
the work of other federal departments such as EMR, industry, 
such as the petroleum industry and high-technology 
companies, and university staff and students. Fisheries and 
Oceans owns and operates the vessels at Bedford Institute of 
Oceanography, the Institute of Ocean Sciences, Patricia Bay, 
and Canada Centre for Inland Waters, Burlington. (3) The 
Department's own scientific and technologi cal activities are 
often directly related to the earth sciences. There are many 
examples of this, ranging from the pure I y practical to the 
purely scientific . 

For example, scientists concerned with hydrocarbons in 
seawater, establishing base levels perhaps, have participated 
in studies of natural marine oi l seeps such as those off Baffin 
Island . The Department's scientists and engineers played 
major roles in side-scan development, rock core drills and 
navigation . 

These inter-relationships can be des cribed by giving 
accounts of the institutes, and of programs which affect the 
earth sciences. 

Bedford Institute of Oceanography, Dartmouth, N .S. 

The Inst itute is a group of laboratories from three 
federal departments: Fisheries and Oceans: Marine Fish 
Di vision (fish stock assessment), Atlantic Oceanographic 
Laborator y (physi cal and chemical oceanography), Marine 
Ecology Laboratory (biological oceanography), Canadian 
Hydrographic Service, Atlantic (navigational and offshore 
charting), Institute Facilities (major services, including ships, 
computers, library, engineering facilities); Energy, Mines and 
Resources: Atla nti c Geoscience Centre, Maritime Office of 
COGLA; Department of Environment : Environmental 
Protection Service Atlantic Regional Laboratories, 
Environmental Conservation Service - Canadian Wildlife 
Service. There are about 700 staff members at the Institute. 
Major vessels such as Hudson, Baffin and Dawson operate out 
of the Institute, and there are small er vessels such as the 
Maxwell and a variety of launc hes . 

The laboratories at the Institute make a very real -
surely successful - attempt to work as an Institute in spite of 
belonging to different departments with different reporting 
systems and different budgeting systems . This is 
accomplished by appropriate formal arrangements, shared 
facilities, joint work, and close li aisons at working levels. 

The formal arrangements are: the Bedford Institute of 
Oceanography Director's Committee, and the Management 
Committee of the major scientific and tec hnical laboratories 
of Fisheries and Oceans; the Director of the Atlantic 
Geoscience Centre sits on both. The principal laboratories of 
the Institute share many of the major facilities - ships, 
computers, and library, which are funded mainly by Fisheries 
and Oceans, on behalf of all the laboratories, including the 
Atlantic Geos cience Centre. There are several sorts of joint 
work. A major program exists between the Canadian 
Hydrographic Service, Atlant ic and Atlanti c Geoscience 
Centre for bathymetric (Fig . 3.8), geologi cal a nd geophysical 
surveying offshore - the multi parameter survey program. 

A joint program has operated in the Bay of Fundy, to share 
logistical support, and to take advantage of expertise 
available in several different laboratories. 

The Institute serves industry and universities in several 
ways. (1) Shiptime is provided to universities; assistance is 
provided in supervi sion of graduate students, with mutual 
benefit. (2) Advice is provided to industry on a variety of 
problems. As an example, the Institute took the lead in 
Canada in the use of satellite navigation systems at sea, and 
in integrated navigat ional systems . This expertise was at 
times developed jointly with industry, for example when 
satellite navigation was first used for geodetic surveying on 
land, and industry has been actively encouraged to use the 
integrated navigation system . (3) High technology companies 
make use of the expertise at the Institute in research and 
development; for example, under the Seabed contract Huntec 
('70) Ltd . is providing a broadband, high-resolution, deep
towed seismic system for seafloor mapping, and the 
geological and technical expertise of numerous staff at the 
Institute have contributed to this. An industrial liaison office 
- Bedford Institute of Oceanography Marine Industrial Liaison 
(BIOMAIL) has recently been established to help with 
industrial problems. 

Institute of Ocean Sciences, Patricia Bay, B.C. 

This Institute is also a complex of laboratories from 
three departments . Fisheries and Oceans: Ocean Ecology, 
Ocean Chemistr y, Ocean Physics, Canadian Hydrographic 
Service (Pacifi c ), Ship's Di vision; Energy, Mines and 
Resources : Pacifi c Geoscience Centre; Department of 
Environment: Atmospheric Environment Service, Canadian 
Wildlife Service. The major vessel Parizeau and the smaller 
vessels Vector and Richardson operate from the Institute . 
The vessel Pandora II is on charter, as an Arctic survey 
vessel, and tender to the submersible Pisces IV. The Radium 
Express is also on charter . (The vessel Endeavour is owned 
and operated by the Department of National Defence, but is 
a part of the west coast ships' "pool".) 

The Institute of Ocean Sciences also, like Bedford 
Institute, tries to work as an institute, in spite of the 
different departments involved. The Director of the Pac ific 
Geoscience Centre is a member of the management 
committee. The laboratories all share major facilities -
ships, computers, libr a ry, etc . There are severa l sorts of 
joint work. The Canadian Hydrographi c Service, Pacific, and 
the Pac ifi c Geoscience Centre engage in joint 
multiparameter surveys for bathymetry, gravity and 
magneti cs , off the west coast, and with staff of Energ y, 
Mines and Resources from Ottawa, in the Beaufort Sea. 
There a re several joint programs between Fisheries a nd 
Oceans and the Pacifi c Geoscience Centre. One example of 
this co-operation is the study of the fluctuations of the 
magneti c fie lds on the continental slope. Recent 
measurements wit h an ocean bottom magnetometer and 
c urrent meters have shown that the fluctuations observed in 
the magnetic field are caused both by electric storms in the 
atmosphere and the water movements associated with edge 
waves . As far as is known, this is the first time that water 
movement has been detected with an ocean bottom 
magnetometer, a nd it has stimulated a joint investigation of 
the effect by oceanographers and geophysicis t s . 

Like Bedford Institute of Oceanography, the Institute at 
Pat Bay serves industry and universi ti es . The Institute at 
Patri cia Bay, founded at a later date, was established with 
the objective of bringing together the various components of 
ocean science and ocean technology of the Federal 
Government scattered throughout the west coast . An Ocean 
Infor mation Service has been establi shed to provide 
oceano graphic information to industry and an industrial park 
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to service ocean a nd marine indust r y is under construction by 
the British Columbia Development Corporation, with the 
assistance of the Institute . 

The two problems of rea l significance to both institutes 
- and so to all marine research workers in Canada a re : 
inadequate resou rces or unstable resources fo r running shi ps, 
and lack of resources for major instrum e ntation. The costs 
of running ships so dominate the budgets of the institutes 
that any difficulties in ship funding have profound effects on 
a ll other operations. Chart ing for safe navigat ion, offshore 
geological a nd geophysical surveys, and scient ific 
experiments - including those planned jointly with industr y, 
are all proceeding a t far too slow a pace. The re a re a 
number of major instruments which should be avai lable as 
national faci lities, but which do not exist in the countr y at 
a ll. These include long-range side-scans and multibeam 
sounding capability . There is no capabi lit y for multichan ne l 
seismic work in any academic or government institution. 

The problem of costs of fundi ng ships arises principally 
because of increases in fue l pr ices ; marine diesel fuel 
delivered at Bedford Institute of Oceanography cost $107 pe r 
tonne in 1976, $165 in 1979, and $225 in 1980. Estimates fo r 
1981 range from $300-$400, a nd fo r 1982, from $350-$450 . 
The effects of these increases over the three f iscal years 
1979-80 to 1981-82 for the Pacific, Ontario and At la nti c 
regions of Ocean Scie nce and Su rveys of Fisheries and Oceans 
are as follows. Jn 1979-80 t he cost of diesel fue l for a ll 
vessels in these regions was $1 332 OOO and the same quantity 
will cost a n addit ional $1 11 4 400 in 1981-82. Increases in 
the budget of Ocean Science and Surveys were allowed for 
the first time in 1981-82 t o cover these increases in costs . 
As far as is known now, this wi ll be true for the 1982- 83 
year. However, no funds wi ll be available to charter vessels 
in the 1982-83 year, the first time for many years . Adequate 
and stable funding is a necessity. 

Canadian Hydrographic Service 

The Canadian Hydrographic Ser vice is im porta nt to all 
mar ine geoscientists . The Service e ngages in field 
hydrography and chart production; nautical geodesy, 
observations of tides, chart production and instrument 
development. It has made signifi cant advances in navigation, 
in sounding through ice; its official charts a re recognized as 
the basis fo r defining the limits of offshore Canadian 
jurisdiction. As a consequence the Service interacts wit h a 
variety of othe r federal agencies, particularly from Energy, 
Mines and Resources, and the Department of Transport. The 
Servi ce is divided into severa l regions ; Headquarter s, Ottawa; 
At lantic - at Bedford Institute of Oceanography; Central - at 
Canada Centre for Inland Waters; Quebec at the Care 
Maritime Champlain, Quebec; and Pacific - at the Inst itute 
of Ocean Sciences, Patricia Bay. 

We can single out a number of activities which a re 
important to marine geoscie nti sts . 

Mu! tiparam eter Surveys 

The Canadian Hydrographic Service undertakes a 
program of mapping offshore with Ene rgy, Mines a nd 
Resources; vari ous aspects of thi s have been discussed 
already under the section devoted to EMR . Until recently 
this program usually included only bathymetry, gravity and 
magnetic fields, and on the west coast single-cha nnel seismic 
profiling, but in 1980 this program was expanded on the east 
coast to include some si ngle- channel seismic reflection 
profiling, high-resolution reflection profiling, a nd side- scan 
sonar . This was done by surve ys in the Davis Strait and on 
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the Labrador Shelf (at the expense, because of slowe r speeds, 
of the number of line miles). These programs are conducted 
by the Canadian Hydrographic Service in co-operation with 
the At la nti c Geoscience Centre, the Pacific Geoscie nce 
Centre, and the Ottawa divisions of Earth Physics Branch. 

Arctic I-lydrography and Gravity 

The Central region of the Canadian Hydrographic 
Service co- operates with the Earth Physics Branch in 
programs in ice-covered waters, whe re it is sensible from the 
point of view of logistics, and necessary from the poi nt of 
view of gravi t y, to make observations of depths a nd of 
gravit y at the same stations, in the same field program. 
Much of this wor k is funded by the Polar Continental Shelf 
Project, which suppli es helicopters and Twin Otter aircraft. 

Geoscience Mapping and t he General &ithymetric Chart 
of the Oceans 

A unit in Ottawa is responsible for producing the 
bathymetri c maps for the Canadian offshore at scales of 
I: 250 OOO, I: I OOO OOO, a nd I: 2 OOO OOO. These also fo rm the 
bases for the gravity and magnetic maps at the same scales . 
Offshore bathymetr ic data are acquired from industry a nd 
from government agencies wor king offshore which are 
incorporated in the Service's bathymetric data base after 
appropriate checks on quality . 

The unit has a substant ial responsibility for the se ri es 
of worl d ocean bath ymet ri c maps at a scale of I: I 0 OOO OOO 
call ed "the General Bathymetric Chart of the Oceans" 
(GEBCO) . A Commission of geoscientists a nd hydrographers 
representing the International Oceanographic Commission 
(IOC) and t he Internat ional Hydrographic Organization (IHO) 
supervi ses the production of this seri es . In dividual scientists 
a re responsible for interpreting the bathymetric dat a 
available for indiv idual maps. The whole series is being 
drafted by the Hydrographic Service, and is being printed by 
Energy, Mines and Resources. The next complete edition, the 
fift h, will be complete in 1982 . 

The programs undertaken in the multipa rameter surveys 
and in Arctic hydrography and gravity, t he work of the 
geoscience mapping unit and a number of other programs are 
reported to, and where necessar y co-ordinated by the Guidi ng 
Committ ee on Offshore Surveys; thi s Com mittee has 
members draw n from Energy, Mines and Resources, and 
Fisheries and Oceans . 

Nautical Geodesy 

A bank of horizontal control data is bei ng developed 
with EMR, so that a new datum can be adopted in 1983. Thi s 
unit and the regional offices of the Service are responsible 
fo r the cali bration of the LORAN - C system, so that the 
correct lattices can be applied to navigational cha rts . Such 
work includes applied research in the propagation velocity of 
ground waves at JOO kHz over varying terrain. 

Inst rum en ta tion 

The Service has been a leader in the use of satellites 
for navigation , and in the development of "integrated" 
systems of navigation - in which all navigational data are 
ad jus t ed to provide "best" positions, speed and course. Good 
navigation is vital, naturall y, in measuring gravi ty fro m 
surface ships . The Service has a lso been a parti cipant in the 
wor k of the Seabed contract with Huntec, and in 
developme nts with side-scan sonar. 



Permanent Water Level Gauging Network 

Changes in water levels a re interesting to the 
oceanographer on the one hand , in tidal analysis fo r example, 
and the geologist a nd geo ph ysic ist on the other, concerned 
with vert ical c rustal movements . The Ser vice maintains the 
permanent Canadian network fo r water level gauging, in 
co - operat ion with the Inl and Waters Branch of the 
Department of Envi ronment. The Service conducts analysis 
of tidal data and predicts futu re tidal heights, publi shed in 
the form of Tide Tables. The tidal group at Bedford Institute 
of Oceanography has a modest program in the measurement 
and analysis of the tide in the deep ocean, in addition to the 
tidal work being done on the continental shelves . Future 
work in this a rea will consist of mapping the tide in the more 
northe rl y areas of the Canadian continental shelf and 
par.ti c ipation in the measurement of the deep ocean tide with 
the Institute of Oceanographi c Sciences at Bids ton, U .K. 

Department of the F.nvironment 

Severa l Programs or components of thi s Department 
are pertinent to the marine geosciences: the Envi ronmental 
Servi ces Program; Parks Canada; within the Adm ini stration 
Program, the Federal Environmental Assessment Review 
Office ; and the Canada Centre fo r Inland Waters at 
Burlington. 

Environmental Services Program 

The objective of this Program is: to p~ovide and 
under t ake programs to protect and enhance the quality of the 
environm ent, and programs designed to improve the 
management and sustained economic utilization of the forest, 
wildlife and inland water resour ces of the nation. Sub
objectives include: to promote the quality, management and 
use of inland water resou rces, a nd: to assis t in the 
improvement of t he qualit y, management and use of the land. 

Several Servi ces exist to implement this Program. 
The y include Atmos pheric En vironment Service, Canadian 
Wildlife Servi ce and Canadian Forestry Service; the two of 
greatest int erest to the marine geosciences are the 
Environmental Protec tion Service, a nd the Environm ental 
Con~ervation Service (formerly Envi ronm e nt al Management 
Service) . 

Envi ronmenta l Protect ion Service 

The Service is responsible for (among other things): 
"nati onal a nd international a ir and water pollution control 
operations and measures for envi ronm ental protection from 
activities affecting whole ecosystems ... co- ordi nation of 
national response to environmental c rises . .. management of 
a regional struc ture for the operation of environmental 
protec tion programs". The Servi ce is, in a sense, the control 
a rm of En vironm ent Canada, and it int e racts with the marine 
geosc iences in a number of ways . 

The Environmental Protec tion Service , th rough the 
Environmental Emergency Program, has a national 
responsibility to prevent accident al spi ll s of oi l a nd other 
hazardous materials, to deve lop conti ngency plans for dealing 
with such spi ll s , to develop new control and clean-up 
t echnology, a nd to ma intain a nationa l a le rtin g a nd repo rting 
ne twork. 

As part of the effort to fulfil! the responsibilit y fo r 
t echnology development the Service has implemented 
projects whi c h relate di rec tl y to marine geosciences . For 
exampl e , the Ser vice funded the first comprehe nsive re view 
of the Canadian coastline . As part of the Arc ti c Ma rine 
Oilspill Program (AMOP), the Geological Survey of Canada 

was contracted to undertake studi es of the coastal regimes of 
eastern Baffin Island and Labrador. The Service also 
manages an internall y funded, government-industry project 
known as the Baff in Is la nd Oil spill (BIOS) project which 
invol ves a seri es of coastal experimental oilspi ll s on northern 
Baffin Is la nd. 

The Canada Centre for Remote ensing, Energy Mines 
a nd Resou rces, has been funded through AMOP to develop 
and t est aeri al systems for the remote surveillance of oi l 
sl icks. As part of this effort, missions in vol ving prototype 
system s were flown over the oi l seep off Scott Inlet , Baffin 
Island, a nd during t he bunker-C oil spill from the tanker 
Kurdistan off Nova Scotia. 

The Environmental Protection Service administers the 
Ocean Dumping Act, a nd this affect s other agencies of the 
Federa l Government because they are ca ll ed upon to advise. 

Appli cat ions to dispose of potentially hazardous wastes 
at sea, be they mi ne t aili ngs or dredge spoils from harbours, 
have to be approved by the Department of Environment under 
this Act, and the normal process involves other federal 
agencies who will be asked to comment on an application in 
a reas of their experti se . A geochemist wi ll be asked about 
cadmium levels, a nd a sedi mentol ogist on problems of 
sed iment transport, etc . We can use the Atlanti c Geoscience 
Centre of the Geological Survey of Canada to obtain some 
idea of the wor k involved . The Centre reports on about 100 
applications per year which are referred to it when geological 
or geochemical advice is needed . However, in association 
with this work for the Department of the Environment, the 
Centre monitors a dump-site in Chaleur Bay, and a former 
si te of massive dredging for aggregate in Hali fax Har bour. 
These a re scientifi call y int e resting studies in their ow n right, 
a nd doing the work means expe rtise is maintained which can 
be applied to other practical problems whi ch will a rise . Staff 
of the Geological Survey of Canada at the Pacific Geoscience 
Centr e undertake comparable work. 

Environm ental Conservation Service 

Two agencies in thi s Service are of interest to us - the 
Inl a nd Water s Directorate, a nd the Land Directorate. 

Inland Waters Directorate. The Water Quality Branch 
maintains both a n ongoing sampling network a nd a n analytica l 
laboratory to enable it to report on am bient surface water 
quality . It a lso undertakes special regional water quality 
s tudies of interest to the mari ne geosciences (e.g . mappi ng of 
a reas sensitive to acid rain phenomena , based largely on 
geological facto rs ). Thus, inform ation on the chemistr y of 
wat er e nte rin g t he ocean is available from this Branch. The 
Wa t e r Resources Bra nc h maintains a cost -shared hydrometric 
and sediment data network with the provi nces . It also 
undertakes special studies rel a ted to water quality variables 
and water levels . Data a re, therefore, avai lable fr om this 
Branch conce rning the qualit y of water and sediments 
entering the ocean as well as tide le vels and backwater 
conditions in estuaries. The Water Pl a nning and Management 
Branch is involved in speciali zed water management 
programs, some of which incor porate marine geoscience 
var iables . For example, the Flood Da mage Reduction 
Program included flood routing and mapping studies, both of 
whic h vary with the geomorphology of the ri ver . In addit ion, 
f loodin g problems in the Atlanti c Region a re heavil y 
influenced by the effects of tidal action and ice jamming in 
the estua ri es of some rivers . The Branch also carries out 
interpretive and other envi ronmental assessment studies 
which involve marine geoscie nce elements (e .g . studies of the 
pote nti a l for groundwater in coast a l a reas ). 
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Lands Directorate. In essence, the Lands Directorate 
advises the Federal Government on policy concerning the use 
of land. The Directorate interfaces with the marine 
geosciences in the coastal regime. As an example, the 
Atlantic Region Office is conducting an Ecologi cal Land 
Survey of the coastline of Newfoundland from the beac h to 
2 km inland, to provide baseline information from which to 
predict the impact of any offshore oil spills. The information 
may also be used to assist in selecting sites for onshore 
facilities related to offshore activities. The Directorate is 
working with Mobil Canada Ltd . and .the . Province. of 
Newfoundland in thi s project. Consideration is also being 
given to the feasibility of a computer.-based Coastal Marine 
Environmental Inform ation System using the Canada Lands 
Data System. 

Atmospheric Environment Service 

The Atmospheric Environment Service is , of course, 
Canada's nation al weather service. However, its concern 
wit h meteorology includes not only the physics, chemistry 
and dy nami cs of the atmosphere, but their effects upon the 
earth's surface. Consequently the Service is interested in the 
form ation and movement of ice, and in climatology (pointing 
to examples of direct interest to earth scientists)". The Ice 
Servi ces program involves ice reconnaissance predictions of 
the formation a nd movement of ice in Canadian waters for 
periods of up to one year in advance, and consultation and 
advice on ice data to meet special needs, such as those of 
offshore energy developments. The Climate Service program 
provides a central focus for Canadian act1 vi ties related to 
climate. These activities include those of the effects of 
man's activities on climate , and vice versa, the impact of 
c lim ate on human activity. The Service, with related groups 
in Fisheries and Oceans, has the principal federal mandate 
for the Canadian Climate Program (which includes estimating 
the effec ts of C02, etc .). 

Federal Environmental Assessment Review Office (FEARO) 

This Office administers the Federal Environmental 
Assessment Review Process (EARP) which was established to 
ensure that : environmental effects are taken into account as 
earl y as possible in federal programs, projects and. activities; 
environmental assessments are carried out before irrevocable 
deci sions are made that could have an adverse effect on the 
environment; and the results of assessments are used in 
planning, decision-making and implementa.tion. Federal 
agenc ies are obliged to screen their. act1v1t1es and, if it is 
found that an activity may have significant adverse effects, 
it must be referred by the agency to FEARO for a formal 
review by an independent panel. Federal projects are 
considered to be those that are initiated by federal 
departments and agencies, those for which fede ral funds are 
soli ci ted and those involving federal property. Proprietary 
c rown corporations and regulator y agencies are invited, 
rather than directed, to participate in the process. 

The objective of FEARO is to establish an 
environmental assessment process within the Federal 
Government to ensure that: environmental effects are taken 
into account as early as possible in the planning of new 
projec ts, programs a nd activities; . an environmental 
assessment is carried out for all projects, programs and 
activities that may have a significant effect on the 
environment; and the results of those assessments are used in 
planning, decision-making and implementation . 

FEARO will consider offshore, nearshore, and estuarine 
activities which will entail geological studies. 
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Parks Canada 

Parks Canada is entrusted with the responsibilit y of 
protecting nationally significant heritage places on behalf of 
Canadians. Its system of national parks includes some with a 
significant "offshore" component: . Forillon, Quebec; 
Kouchibouguac, New Brunswi ck; Auyu1ttuq, Baffin Island; and 
the Pacifi c Rim ational Par k, Vancouver Island. 
Consequently Parks Canada is interested in these areas in the 
coastal regime - particular ly in coastal land forms, for 
example, as a part of the representation of a vari ety of 
themes. Parks Canada is exploring the possibility of national 
marine parks - ranging from marine parks offshore with. no 
component which is land , to parks like some of those existing 
now, where the major component is on land. The studies 
being made include considerations of geology and 
physiography, and of questions of ownership and potential 
confli c t s in use . The Lancaster Sound Green Paper illustrates 
some of these problems. 

Canada Centre for Inland Waters, Burlington, Ontario 

This Centre provides faci liti es for several hundred 
research, technical and support staff, of whom a limited 
number are engaged in geoscience or directly related 
activities. These staff are drawn from two depart ments, 
Environment, and Fisheries and Oceans. The staff of the 
Department of Environment are drawn from the Environm.ent 
Protection Service and Environment Conservation Service ; 
within the latter Service many staff belong to the ational 
Water Research Institute of the Inl and Waters Directorate. 
Staff in Fisheries and Oceans are part of Oceans Science and 
Surveys - including the Central Region of the Canadian 
Hydrographic Service, an Oceanography Di vision, and, 
separately, the Great Lakes Biolimnology Laboratory 
program. The Department of Environment owns and operates 
the fa cilities such as the building, a major computer and a 
library; Fisheries and Oceans owns and operates a large 
vessel Limnos, a smaller vessel Bayfield and a range of 
smaller vessels, such as launches. 

An executi ve committee at the Institute oversees the 
operations of the Institute as a whole. 

Staff of the National Water Research Institute and its 
regional detac hments in western Canada are responsible for a 
variety of studies, throughout Canada, associated with water 
supply, use and management, which include important work 
on both qualitative and quantitative aspects of 
sediment/freshwater interac tion . Most of the work by the 
Institute at Burlington is centred in the Laurentian Great 
Lakes but, in addition, a number of major regional studies 
have involved the staff of the Inst itute's regional 
detachments in Vancouver and Winnipeg (both individually, 
and co-operatively with Burlington staff) . 

The region of Fisheries and Oceans based at the Canada 
Centre for Inland Waters encompasses the Great Lakes, the 
inland waters of Ontario, Manitoba, Keewatin a nd Franklin 
districts of the Northwest Territories as well as the marine 
waters of Hudson Bay, James Bay and the cent ral Arcti c 
Archipelago. 

The region has three main programs: 

a. A major hydrographic survey program for the production 
of charts of all Canada's navigable waters in central 
Canada including Hudson Bay and the central Arctic 
Archipelago, together with other associated. programs 
such as tidal and current studies. Of particular interest in 
the field of geoscience are the hydrographic resources 
charting activities in conjunction with Earth Physics 
Branch of EMR in the Arctic and Hudson Bay. 



b. A small but viable oceanographic program conducting 
research and resource management studies in the fresh 
and marine waters of central and northern Canada. The 
strength of oceanographic research expertise is 
concentrated in physical aspects, with, however, a small 
but growing biological content in Arctic waters. 

c . The Great Lakes Biolimnology Laboratory program, which 
is confi ned to the Great Lakes and to a lesser extent the 
lake systems within the Province of Ontario. The 
program is largely developed from the requirements of 
the Canada/USA Great Lakes Water Quality Agreement 
and in this regard conducts research to establish water 
quality objectives specifically for the Great Lakes 
through an Environmental To xicology activity, monitoring 
la ke conditions for primary production and contaminants 
through a Surveillance activity and through an activity 
named Ecosystem Studies, representing a concerted 
effort, while working closely with provincial agencies to 
understand the Great Lakes Ecosystem. Supporting the 
three programs, the fleet of ships a nd launches provides 
the waterborne platforms for the programs of both the 
Department of the Environment and the Department of 
Fisheries and Oceans based at the Centre. 

For the purpose of this report, no fu rther distinction is 
made between the various components of the Centre and only 
those activities di rectly significant to the marine geosciences 
are included in the following summary . 

Regional Limnology. This includes limited studies of the 
distribution and characteristi cs of lake sediments. Previous 
work has been reported from the Okanagan, Kamloops and 
Kootenay Lakes, the Athabasca River, Lake Athabasca and 
Great Slave Lake, the Qu'Appelle Lakes and Lake Winnipeg, 
Flin Flon a rea lakes and lakes of the English-Wabigoon River 
system, for much of the Great Lakes - St. Lawrence River 
system, and for the Shubencadie Lakes in Nova Scotia. 
Further work continues in the Qu'Appelle Lakes and the 
Laurentian Great Lakes, and new work is being proposed in 
the Yukon Basin. In the Great Lakes, a resource inventor y 
mapping program is underway with maps and special reports 
in preparat ion for Lake Ontario and Lake Huron. These will 
supply detailed information about the bathymetr y and 
sediment distribution in the nearshore zone. 

Shoreline Management. This work includes a program of 
shoreline erosion monitoring in which shore profiles at 
162 sites are surveyed at least once each year in the Great 
Lakes (other site specific surveys a re a lso included in this 
study program). A long ter m assessment of these annual 
profile data provides significant input to evaluating benefits 
of further lake level controls and the development of shore 
management guidelines. 

Shoreline Proc ess Studies. These include studies in both 
lacustri ne (based mainly on work from the Laurent ian Great 
Lakes and selected prairie and western lakes) and marine 
environm e nts (based mainly on work in the Hudson Bay-James 
Bay area ): 

defining the form, origin, characteristics and behaviour of 
active and relict gravel deposits in Jakes; 
defining seasonal bed profile changes and littoral 
transport of lake beach and nearshore sediments of sand 
facies; 
defini ng relations hips between wind/wave conditions and 
suspe nsion of fine lake sediments; 
defining the mechanisms of subaqueous lake erosion of till 
surfaces; 
developing models of lacustrine littoral drift; 

developing comparative freshwater/marine sedimento
logical regime models; 
analyzing surface weathering a nd slope stability controls 
on erosion of unconsolidated bluff deposits; 
investigating littoral drift and estuarine erosion in James 
Bay, in support of coastal wetland studies; 
investigating freshwater transport in Hudson Bay and 
James Bay to define the impact of hydroelectric 
developments on the LaGrande and Great Whale River 
systems (planning to observe for possible effects of 
modifications on the Rupert and Great Whale rivers is in 
progress). 

Recent Geological Evolution of Lake &sins. This work 
includes stratigraphi c and sedimentological investigations of 
late glacial and recent sediment and physical structures as a 
basis for interpreting the geological evolution of lake basins 
or special features. Studies at Point Pelee have been 
published and reports are in preparation describing the 
Kingston and Niagara areas of La ke Ontario. A new study is 
in progress at Long Point, in Lake Erie, as a means of 
predicting long term trends in shoreline evolution . 

Paleoenvironmental Studies. These studies are being 
undertaken to provide information about geologically recent 
e nvironmental , water quality and climatic conditions in lake 
and river systems, prior to the availability of historic data: 

determine the periodicity of climatic changes (droughts) 
affecting the Qu'Appelle Lake system and to investigate 
the "history" and effects of nutrient and contaminant 
changes; 

define the natu re of events or conditions causing 
destruction of significant benthic population communiti es 
in Lake Erie and the Qu'Appelle Lakes (climatic regime, 
Jake levels, dissolved oxygen, etc .). 

Geochemistry. These studies are designed to show the 
changes in natural geochemistry resulting from cultural 
impact (for example, acid rain effects on sediments) and the 
associations between toxic substances and sediments. 

heavy metal pathways related to sediment/water 
interaction, microbial activity, and biological availability; 
availability (biologi cal/chemical) of toxic substances 
associated with bed and suspended sediments in rivers a nd 
lakes; 
isotope composition of selected sediment cores and lake 
waters (dated by 21 0 Pb) as a means of showing recent 
changes in the sources and dispersion of different forms 
of sulphur; 
charac teristics of dredged materials as a means of 
showing the importance of harbour and nearshore 
sediments as sources of Great Lakes contaminant loading; 
changes in organic geochemistry of lake sediments under 
the influence of progressive acidification; 
establishment of sediment data bank for subsequent and 
com parative analysis of toxi c substances in sediments. 

Hydrogeo logy. In relation to studies on grou ndwater 
contaminants a nd the lon g ra nge transport of air pollutants: 

development of models of transport through porous media, 
as related to the diffusion of radionuclides or other toxic 
contaminants in groundwater; 

application of remote sensing techniques to develop 
hydrological models of subsurface contaminant transport 
in noncalcareous basins; 

effects of acid prec ipitation on groundwater geochemist ry 
and ionic budget in noncalcareous basins . 
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Channel Forms. These studies include an a nal ysis of 
meander forms, and rates of change and causes, as a basis for 
hydraulic models; and studies on dune formation in open 
channels to define the ti me required to re- equi librate afte r 
disturbance (for example, to predict rate at which dune forms 
can re-establish or migrate in ri ver channels after dredging, 
as a guide to dredging frequency) . 

Acoustic Techniques. Developments in this fie ld by the 
Fisheries and Oceans staff at the Institute have a wide 
application to hydrographic, oceanographic and geoscientific 
investigations and have been influenced, in part, by progress 
in northern oil and gas developments and the need for 
suitable transportation and navigation : 

application of different side-scanning sonar techniques 
and methods of image enhancement, to provide high 
resolution of underwater structures ; 

application of digital scanning sonar for reconnaissance 
mapping under arctic conditions (MARRS - marine actic 
route reconnaissance system); 

application on nonlinear transducers for under ice su rvey, 
to characterize ice type, ice thickness, ice/water surface, 
and subbottom materials (0-1 m), in addition to 
measu rement of water depth . 

Department of Indian Affairs and Northern Developm ent 

This Department is of interest to marine geoscientists 
because of its responsibilities for hydrocarbons and minerals 
on Canada lands of the Northwest Territories a nd Yukon, 
including the offshore. The southern limit of the jurisdiction 
is 60°N on land; it is 61°18'N in the east coast offshore, so 
that Energy, Mines and Resources has jurisdiction in Hudson 
Strait . We see one of the Department's main responsibilities 
from its Northern Affai rs Program . One sub-objective of this 
Program is : "To manage the natural resources of the North 
and to stimulate economic development and employment 
opportunities for northern residents". Part of the Program is 
devoted to Northern Economic Planning, including: 
" .. . co-ordinat ion of socio-economic studies a nd public re view 
process and ana lysis of energy transportation proposals for 
the North; ... ". Other parts are devoted to Northern 
Environmental Protection and Renewable Resources, and to 
Northern Non-renewable Resources: " .. . environmental 
protection in the Territories ... ;" "Development of policies, 
plans and management of non-renewable nc.tural resources of 
mineral a nd oil and gas in the Territories". 

Northern Non-Rene wable Resources Directorate 

This Directorate has three Divisions: Mining; Oil and 
Gas Policy Co-ordination; and Oi l and Gas Operations 
Co- ordination. The Mining Divi sion is responsible for 
planning and development of mineral policies in gener a l. The 
other two Divisions are responsible for the management of 
non-renewable resources in Canada Lands onshore and 
offshore north of 60° . The administration and regulati on of 
oil and gas in these areas is undertaken by the Canada Oil and 
Gas Lands Admi nistration (responsible for the whole offshore, 
as well as Canada Lands onshore) . This administration is 
responsible to both the Minister of Indian a nd Northern 
Affairs, and the Minister of Energy, Mines and Resour ces, 
and bri ngs together the administ ration of the Canada Oil and 
Gas Act and the Oil and Gas Production and Conservation 
Act. The establishment of COGLA has not altered the 
Minister of DIAND's responsibilities for oil and gas 
development and related issues . Within the Northern 
Program, the Northern Non-Renewable Resources 
Directorate is responsible for the monitor ing and assessing of 
all hydrocarbon exploratory programs and provides the 
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Department with advice regarding the pace, magnitude, and 
implications of non-renewable resource developments. It is 
a lso responsible for ensuring that northern concerns and 
northern policies are adhered to in the decision making 
processes . 

Northern Environment Branch 

Three Directorates of this Branch are concerned with 
Renewable Resources: (Lands, Water Resou rces, and 
Forestry), and, Northern Environmental Protection. The 
latter provides environmental servi ces to all the Northern 
Affairs Program. This Directorate and the Water Resources 
Di vision a re of the greatest interest to marine geoscientists. 
For example, the Water Resources Di vision is responsible for 
marine waters, and so in conjunction with Environmental 
Protection, will establi sh conditions for offshore drilling . 
En vi ronmental Protection is concerned with advice on 
environmental problems, such as the impact of resource 
development in the North, and is the Department's main 
interface with the Federal Environmental Assessment and 
Review Office (described elsewhere ). The Directorate 
engages in a variety of studies, done by themselves or by 
contract . One example of the sort of work which they do is 
the Eastern Arctic Marine Environmental Study (EAMES), an 
environmental program organized by the Di vision, but funded 
largely by industry. This study was an attempt to review a nd 
sett le region-wide envi ronmental issues before exploratory 
drilling began. As a result, the requirements for extensive 
base-line studies for particular projects - a specifi c drilling 
proposal, for example - would be lessened. In its interface 
with the Federal Environmental Assessment and Review 
Office the Directorate in essence works with companies 
proposing developments, advises them on studies directed 
towards initial environmental assessments, following guide
lines issued by the Office, before the proposal is formally 
reviewed by the Office. 

The Direc torate works closely with other agencies of 
the Federal Government : Department of the Environment 
a nd Department of Fisheries and Oceans - environmental 
matters; ationa l Research Council - ice reinforced islands, 
etc.; Public Works - structures; Geological Survey of Canada 
- marine geology; Earth Physics Branch - permafrost, gas 
hydrates and seismic risk . 

Scientific Resource Centres in the Arctic. The 
Department maintains scientifi c resource centres at Jnuvik , 
Igloolik and Frobisher Bay, and, noted earlier, the Polar 
Continental Shelf Project of EMR maintains bases at 
Resolute and Tuktoyaktuk . Various universities and private 
groups have perma nent facilities accessible from the sea at 
Pond Inlet, Rankin Inl et, Poste de la Baleine and Churchill. 

The research laboratories of Indian Affairs and 
Northern Development are described by the Department in 
the following way . 

The labs lend equipment - everything from boats and 
motors to boots, snowshoes, tents and s leeping bags. Their 
technicians will take readings on equipment left behind once 
a researcher has finished his or her initial work, help repair 
equipment and, often enough, even help in building 
experiments . 

All three labs also have accommodation available where 
visiting scientists can prepare their meals as well as sleep . 
The y maintain radio links with field camps through Canadian 
National Telecommunications; lab staff act as expediters, 
fo rwarding mail, parts and food. 



With the opening of the Ikaluit Research Centre 
Northern Affairs now has three research laboratories in the 
N .W .T. which provide support for scientifi c parties 
government and privately funded - working in the field. 

The oldest is the Scientific Research Laboratory at 
Inuvik. The second lab is at Iglooli k, at the northwestern end 
of Foxe Basin. They differ in size and appearance, but each 
can provide assistance in many areas in a land where 
everything is expensive. 

Each lab has a library, designed primarily for scientific 
use but open to the general public too . They can provide 
office space, as well as space in their well equipped 
laboratories. 

Theirs is a year-round operation, though the summers 
are busiest. They do some continuing research work 
themselves; Inuvik monitors cosmic rays 24 hours a day and 
Igloolik maintains a watch for earthquakes for the Earth 
Physics Branch of EMR. But the prime reason for their 
existence is to provide assistance to other scientists. 

Some of their best customers a re students doing 
postgraduate work ... and some of the most im portant and 
exciting research which has been done in the North has been 
undertaken by students who would not have been able to 
carr y out their programs without the labs' help. 

National Research Council 

Mechanical Engineer-ing 

This Division has interests which relate to geological 
processes in the coastal regions, a nd to their effects on 
structures and on major engineering projects. (1) Coastal 
Processes: the Division is trying to model littoral drift of 
sediment, and the onshore-offshore drift of sedi ments. The 
modelling is at present mathematical, based on the results of 
laborator y experiments, but it will eventually involve field 
work, following for example, work already done by others in 
areas such as the Magdalen Islands . The results of the 
Division's investigations of the coastal regime have been 
applied widely throughout Canada: the Magdalen Islands, the 
northeast coast of New Brunswick, and ar tificial islands in 
the Beaufort Sea. (2) Mud: the Di vision is t r ying to model 
the behaviour of mud in estuaries and bays, to solve problems 
concerning the rapidity of si ltation after an estuary has been 
dredged or closed. These studies have been applied in the 
Miramichi Estuary, and will be applied in the Bay of Fundy. 
The Divi sion co-operates with numerous organizations in 
Canada, with which it is in close contact through the NRC 
Associate Committee for Research on Shoreline Erosion and 
Sedimentation (ACROSES) . Through this Committee they 
seek co-opera tion in establishing a well instrumented field 
study of sedi ment transport in the coastal regime. 

Building Research 

The Divi sion's interests lie in the design performance of 
structures, a nd so a lthough its staff are well known for work 
on permafrost on land, involving structures, the Division has 
not been involved in permafrost offshore. However, the same 
interests lead them to work on the properties of sea ice, ice
forces on structures, and the use of ice covers for load
supporting platforms. (This is mentioned in the section on 
the Department of Indian Affairs and Northern 
Development.) The Division is interested in the design and 
performance of shoreline structures, and has for example 
investigated the forces upon the dock a t Nanisivik; it is 
interested too in foundations in permafrost both onshore and 
offshore. 

Thi s Division, with many other agencies, contributes 
expertise to the Canadian National Committee on Earthquake 
Engineering, which in turn advises the Associate Committee 
for the National Building Code . In this way provisions are 
made for example for seismic loading in engineering design of 
the normal structu res covered by the code. The Code itself 
has no authority - it has to be adopted by a Province or 
Territory to have legal effect. It is not adequate for 
structures offshore - it is not meant to be, and there is at 
present no equivalent for use offshore. Canada Oil and Gas 
Lands Admi nistration is preparing a set of regulations, 
guidelines and verification systems for use in the offshore, 
which will include all aspects of offshore structures, 
including the effects of seismic loading. 

Electrical Engineering 

The Division has worked co-operatively with Huntec on 
the Seabed contract, because of their joint interests in signal 
processing. Experiments in the appli cation of radar 
techniques for measuring the thickness of sea ice are 
approachi ng the end of the phase of laboratory studies. This 
work has been done in the field in co-operation with 
C-CORE, St. John's, Newfoundland. 

The National Research Council has various programs to 
aid industrial development, and their interaction with Huntec 
in technological matters led them to be interested in funding 
an adjunct program Seabed Mosaics, and to consider funding 
developments beyond the Seabed Project itself. 

Department of Transport 

The influence of the Department of Transport on the 
marine geosciences as a discipline is rather greater t han may 
be appreciated, because of their mandate in national 
transportation . Phrases selected from the Objectives and 
Program Descriptions of the Department's Administration 
Program and Marine Transportation Program include the 
following : To efficiently develop .. . facilities and services 
essential to the national transportation system ... ; The 
provision of aids to navigation ... radio location systems for 
the guidance of ships at sea ... ; The provision of (ice-
breaking) servi ces in support of other departments a nd 
agencies ; The . .. provi sion of pollution clean up and other 
emergency services; The development ... of designated 
harbours, terminal facilities and services. 

Consequently the Depa rtment interacts with many 
others, inc luding those with interests in the marine 
geosciences . The Canadian Coastguard is the agency 
responsible for marine operations. We provide the following 
examples of interactions : 

1. The Hydrographi c Arctic Research Project (HARP) is 
devoted to research in hydrography and in arctic 
transportation, and is carri ed out by the Canadian 
Hydrographic Service. It is funded through the Office of 
Energy Research and Development of the Department of 
Energy, Mines and Resources . The Transport Section is 
co-ordinated by the Department of Transport . 

2. The Department is interested in harbour developments 
and pipeline terminals (et c .) in the Arctic Islands. As a 
consequence they have funded coastal geological research 
by the Geological Survey of Canada which would not 
otherwise have been done, and which has contributed 
significantl y to our knowledge of the coastal regime 
generally. 

3. The Department has the mandate for oil-spill clean up 
where the source is a vessel; thi s has been described in 
the section devoted to Energy, Mines and Resources. 
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4. The Department provides navigational aids; as a 
consequence they work closely with the Canadian 
Hydrographic Service, who calibrate systems such as the 
new LORAN-C chains, and provide new latticed charts, 
and systems for conversion from DECCA aids to 
LORAN-C. 

5. The Department provides support of ice breakers to the 
Canadian Hydrographi c Service and Energy, Mines and 
Resources. As a result, for example, the bathymetric and 
gravity su rvey of Hudson Bay is far advanced, and the 
resea rch program into offshore permafrost in the 
Beaufort Sea is maintained. Because the Department is 
the only government agency with ice breakers it provides 
the main platform for Arctic hydrography, and also 
provides logistic support to other government 
departments by carr ying fue l , supplies and equipment to 
Arctic sites not served by commercial marine ca rri ers . 

6. The Department, through funding from the Office of 
Energy Research and Development of EM R, supports 
contract research by the Eart h Physi cs Branch of EMR on 
the physics of permafrost and gas hydrates. 

Department of National Defence 

The Department of National Defence has a requirement 
for marine geoscientific data in support of such activities as 
the acoustic and magnetic detection of mines and 
submari nes, acoustic communications a nd in the e ngineerin g 
of bottom supported systems . The performance of acoust ic 
systems is affected when the propagated sound energy 
interacts with the ocean bottom . Jn order to model these 
effects and predic t the performance of such systems it is 
necessary to have detailed data on a number of bottom 
characteristics: s lope, scale of roughness, reflection 
coefficient, a nd, within the first few metres of the bottom, 
sound velocity, density and sound attenuat ion coefficients . In 
mine countermeasures involving ground mines and fo r 
systems deployed on the ocean bottom, the load-bear ing 
stability of the bottom material must be known . To meet 
these requirements the Department depends on data produced 
by EMR and Fisheries and Oceans, mostly in the form of 
publications and charts but in some cases by specific tasking 
or by di rect consultation at the working level. 

These interests have prompted the Defence Research 
Establis hment Atlantic to participate in a program designed 
to in vestigate sediments in Canadian Shelf areas . This is the 
Seabed Project described elsewhe re. 

The largest contribution of the Departm e nt of National 
Defence to the geosciences has been in the fields of 
geomagnetic micropulsations, ocean swell generated 
magnetic noise, geological noise surveys and Ver y Low 
Frequency studies . The Defence Researc h Establishment 
Pacific in Vi c toria has carried out theoretical and 
experimental research in these a reas si nce the mid- I 950s. 
Their interest derives from defence concerns with magneti c 
and electrical systems fo r sensing military targets in the 
ocean . Such systems must function against the natural 
geomagnetic micropulsation background and in the case of 
airborne systems, against geological and ocean-swell noise. 
The Pacific Laboratory, Defence Research Establishment 
Pac ific, has carried out studi es of the charact er of the 
geomagnetic background of geological origin using data from 
aeromagnetic surveys carried out for them by the National 
Aeronautical Establishment. It was Defence Resear ch 
Establishment Pacific that discovered and published the 
theoretical explanation for the magnetic noise generated by 
ocean swell. Their high quality, long term records of 
geomagnetic mi cropulsations have pro ved to be a valuable 
data base for theoreti cal studies and have been loaned to 
several universities for comparison with satellite data. Over 
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the years they have provided scientific support to industrial 
development of magnetomete r systems and they have 
contracts with C TF Systems Ltd. fo r the development of a 
sensitive magnetometer grad iometer based on a 
superconducting quantum interference device . 

Liaison with scient ists from EMR working in this field 
is mai ntained and the two departments have jointly funded 
some of the industrial development activities. 

One fu rther activity of the Departme nt related to 
marine geoscience is a s mall research program on the sea 
bottom carri ed out at the Canadian Forces Royal Roads 
Military College, Vi ctoria. Using a subbottom acoustic 
profiler and side- scan sonar, harbours and anchorages on Juan 
de Fuca Strait have been surveyed and cores of some 
su bbottom features are bei ng obtained . Magnetic 
measu rements are made in conjunc tion with the acoustic 
surveys . 

The Department of National Defence owns and operates 
the Canadian Navy Auxiliary Vessel Endeavour , which is part 
of the pool of vessels on the west coast, operated in 
conj unction with other agencies, such as Fisheries and 
Oceans . 

Department of Industry, Trade and Commerce 

The Department of Industry, Trade and Commerce has 
the ro le of fosteri ng Canadian economic growt h through 
trade promotion and industrial development. In dischargin g 
the industrial development role the mar ket potential of 
marine resource developments, such as petroleum, is of 
course taken into account. In particula r , Canadian companies 
needing financial assistance to undertake equipment 
development related to the marine geoscience activities 
should contact Industry, Trade and Commerce. 

The Department is also interested in increasing 
Canadian capability to supply the equipment and se rvices 
needed for resource development in Canada's offshore . The 
Canadian offshore market is expected to be large and it is 
important that we get our share of it. 

These int e rests a re in addition to JT C's traditional role 
in trade promotion whic h can help Canadian companies sell 
equipment a nd thus establish a stronger base for a wider 
range of products . 

Canadian International Development Agency 

C ID A has f unded two major oceanograph ic ventures in 
the last decade as part of its program of assistance to lesser 
developed countries. One of t hese was a multidisciplinary 
survey from the Baffin in 1976 of the continental margin off 
Senegal and Gambia . The Agency funded the projec t and the 
Canadian Hydrographic Service ran it. The work involving 
t he marine geosciences was done by the Atlantic Geoscience 
Centre of the Geologi cal Survey of Canada . There have been 
two other vent ures with only a litt le geoscientific content. 
C ID A funded a cruise of the Baffin to Peru, and assistance 
from Fisheries and Oceans to the design of an Indian research 
vessel . 

Department of Public Works 

The interest of Public Works in the marine geosciences 
a ri ses from their wor k in designing structures in the coastal 
zone, suc h as break-waters . Consequent ly, the Department is 
concerned with wave refraction, with the erosion, t ransport 
and deposition of sediments in the coastal zone, a nd with the 
forces of ice on st ructures . Publi c Works does little research 
and development of its own, except in the field of com puter 
systems for analysis of wave and wi nd data, but works 



co-operatively with many agencies, often funding the 
projects . They work with private industry, the universities, 
and federal agencies such as the ational Research Council, 
Canada Centre for Inland Waters, and the Geological Survey 
of Canada. As examples, the Department interacted with the 
Survey on dredging problems in the Miramichi Estuary, with 
Arctec Canada Limited on ways of measuring ice fo rces, and 
with Memorial University on the design criteria to be used 
when considering the force due to ice on coastal structures . 

Resources Used in the Marine Geosciences 
by t he Governm ent of Canada 

The figures which follow must be used with care, for 
several reasons : 

l. Resources used in "marine geosciences" are considered 
here to be those expended on research or on baseline 
studies in the marine geosciences, or on rather direct 
support to those activities; these figures are in 
Table 3. IA. However, many activities which are 
invaluable to the marine geoscientists are collected as a 
part of national programs which exist for other reasons . 
An arbitrar y selection from these is given in Table 3.IB . 
This list also includes the costs of a few other well 
defined federal programs (Table 3. IC), so that the 
expenditures on the marine geosciences can be put in 
context. 

2. The fiscal year used was 1978- 79 or 1979-80, depending 
upon the source . 

3. Figu res marked * are approximate - either, for example, 
because data for agency involvement outside the central 
agency were never collected (e.g., LOREX) and an 
estimate had to be made, or because the division of costs 
between agencies is uncertain. 

4. All costs (total $) include salary dollars; where salary 
doll ars were not included in the figures given, salar ies 
were estimated at the rate of $40K per person year . This 
is too low, but provides consistency (NRC would use 
$55K). 

5. The figures do not include : contributions in terms of 
shiptime by Transport Canada to the marine geosciences -
perhaps 20 days at $25 OOO a day, $500K; contributions by 
CCRS, in, for example, remote sensing for sediment 
budgets; contributions by DOE in their environmental 
programs. 

6. The source figures can be re-cast in various ways, 
depending on the questions . 

Editor's Note . Despite the difficulties in providing an 
accurate evaluation of the resources used by the Federal 
Government, the tables presented here outline the magnitude 
of Federal expenditures on programs which directly or 
indirectly support marine geoscience activity in Canada . 
Table 3.IA indicates that the Federal Government currently 
spends some 250 person years and $16 million per year on 
programs that directly support marine geoscience. EMR and 
DFO have been the dominant funding agencies ($6.5 million 
and $5 million, respectively) while GSC has been the 
dominant operati ng agency ($10 milli on) . The great major ity 
of t he $16 million has been directed at regional geology a nd 
geophysics, mostly in eastern Canada and the Arctic 
($10 million, Table 3.2). This compares with some 
$250 million going to Parks Canada and the Canadian Forest 
Service; some $110 million going to the Atmospheric 
Environment Service; and some $120 million to the 
Envi ronmental Protection Service and the Environmental 
Conservation Service, all operated by the Department of the 
En vi ronm ent . 

Commentary 

Editor's Note . M.J . Keen invited comments on the preceding 
paper . The following comments were received (in various 
formats) and edited for inclusion . 

By B.R . Peltetier - GSC (an addendum) 

I. Liaison activity between government scientists and their 
counterparts in industr y. 

A good example of the nature of this work is that 
carried out by S.M. Blasco in the Beaufort Sea, together 
with J.A .M. Hunter and A. Judge. These people serve on 
research stearing committees and participate with private 
consultants and contractors on the working projects. The 
widespread contribution by means of consultation and 
joint projects is also exemplified by C .F .M. Lewis and 
numerous colleagues on the Hibernia field off the coast of 
Newfoundland . This practice extends to many offshore 
and coastal areas of Canada including Baffin Bay, Davis 
Strait, and the Arctic Archipelago. 

2. Contributions to the so lving of scientific problems, and 
the ir re lated practical applications. 

These are too numerous to list but some important ones 
should be noted. Our understanding of the relationship 
between surficial geology and engineering hazards in the 
Canadian offshore has been developed mainly by marine 
geologists of the Geological Survey . This work ranges 
from studies on the dangers of migrating sediments (silts 
and sands, mainly in the forms of ripples and waves) and 
associated current scouring along the coastal region and 
inner shelf, through to substrate collapse due to 
mechanical instability at the shelf edge and continental 
slope. 

It also includes the discovery and analyses in the 
Beaufort Sea of seabed ice scouring, submarine pingos, 
and submarine thermokarst, and the effects such 
phenomena will have on marine transportation and the 
exploration and development of offshore hydrocarbon 
deposits. Other features such as gas and frozen gas 
hydrates have been analyzed jointly by scientists from 
both industry and government from the standpoints of 
hazards and commercial activity . Ice scouring of the 
seabed along the eastern seaboard is also being 
investigated jointly with industry and research institutes 
in Dartmouth, Nova Scotia and St. John's, Newfoundland. 

Other projects worthy of note are: the 
paleoceanographic studies on the Labrador Shelf by 
G. Vilks and R . Fillon; the enormous mapping contribution 
by L.H. King and associates; the huge support role by the 
Eastern Petroleum Geology Subdivision; the geochemical 
pathways elucidated by D .E. Buckley and M.A. Rashid; the 
sediment budget worked out by C. Amos for the Bay of 
Fundy region; the specific contributions of the coastal 
workers (Fig . 3.2, 3.9); the long-continuing studies by the 
marine geophysicists on the continental margins, and the 
relationship to crustal behaviour around all three oceans; 
the new geological insight into the Pacific margin gained 
from submersible work and geophysical observations; and 
the new surficial geology map of the Pacific shelf. No 
doubt a canvas of the scientists will give more pertinent 
results . 

3. Working groups, task forces, and committees. 

The role of the marine geologist on working groups and 
task forces with other departments is noteworthy in 
achieving success on certain projects. An example of 
such an activity is the Lancaster Sound Regional Study 
Group (under DIANO) which is working toward the 
production of a cabinet document (green paper) on the 
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Table 3. 1. Resources used in resea rch in the marine geosciences by the Federal Government: l 979 - 80 

(A) Programs with di rect involvement 

Program 

Marine geology and geophysics, 
offshore eastern Canada and Arctic 

Geology and geophysics of the 
western margin 

Arctic marine geo logy 

Arctic hydrography and gravity 

Lomonosov Ridge Experiment (LOREX) 

Geoscience and hydrocarbon assess
ment; curation, east coast offshore 

Ocean mapping and GEBCO 

Permafrost seismics 

Ocean aeromagnetics 

Arctic aerom agnet ic map 

Geologica l st udies of the 
Great Lakes 

Shoreline management, Great Lakes 

Acoustic techniques 

Coastal morphology 

Coastal structures in ice 

Wave dynamics 

Geotechnical programs : permafrost 
and sea ice 

Coastal zone stud ies 

Marine geo logy a nd geophysics 

Geoscience and hydrocarbon assess
ment north of 6 1° 18'N offshore 

Geologica l studies of Beaufort Sea 
wells and cu ration for COGLA 

Departmenta l oil and gas 
Appraisal Program 

Marine geology at lnuvik and 
Igloolik labs 

Beaufort Sea geo logy 

Operati ng 
Agency 

GSC 

GSC and 
EPB 

GSC 

EPB,C HS 
and PCSP 

EPB,PCSP 

Location 

BIO 

!OS 

Ottawa 

Ott awa, 
CC IW 

Ottawa 

COG LA Ottawa, 
BIO 

CHS with Nationally 
GSC 

GSC 

GSC 

GSC 

CCIW 

CCIW 

CCIW 

NRC 

NRC 

NRC 

NRC 

DPW 

DRE A 

COG LA 

GSC 

GSC 

DIA ND 

GSC 

Ottawa 

Ottawa 

Ottawa 

CCIW 

CCIW 

CCIW 

Ottawa 

Ottawa 

Ottawa 

Ottawa 

Ottawa 

Dartmouth 
Nanaimo 

Ottawa 

Calgary 

Calgary 

lnuvik & 
lgloolik 

Calgary 

TOT ALS: 

Principal omissions: CCRS offshore; DOT shiptime 
contributed. Sund ry small items. Maybe $500K? 
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FUNDING 
P. Y. 's Tota l $K Agency Note 

99 

17 . 35 

. 75 

. 25 

15* 

13 

27 

3 

3 

25 
3 

8 

13 
2 

2 

2 

4 

2 

j 

3 

6 

7* 

5 

7 

270 

43 19 
2588 

1300 
1000 

40 

JOO 
730 

1500 

400 

909 

160 
6 

104 
150* 

100* 

610 
60 

205 

300* 
40* 

85* 

285 

230 

130 

EMR 
DFO 

EMR 
DFO 

EMR 

EMR 
EMR 

EMR 

EMR 

DFO 

EMR 
EMR 

EMR 
NRC 

EMR 

DOE 
DFO 

DFO 

DFO 
DOE 

NRC 

NRC 

NRC 

NRC 

At lantic Geoscience Centre 
e .g., shiptime 

Pacif ic Geoscience Centre 
Shiptime 

Te rrain Sciences 

Earth Physics Branch 
PCSP (aircraft, etc.) 

Typica l of a major program; 
PCSP (aircraft, etc .) 

GSC 
PCSP 

Ai rc raft estimate 

Not st rictly marine 

630* DPW 

2 10* DND Minor support from PCSP 

348 

362 

325 

50 

362 

17 638 

COG LA 

EMR ISPG 

EM R Pro-rated, 5/8 of total 
cost, ISPG only 

DI AN O Estimate from tot al 
expendi ture of labs 

EMR 



Table 3.1 (cont.) 

(B) Some programs with peripheral involvement 

Operating 
Program Agency Location 

Offshore engineering: east coast COG LA Ottawa 
south of 61°18' 

Physi cal and biological environment COG LA Ot t a wa 

Tides , c urrents a nd wat er leve ls C HS National ly 

LORAN - C C HS Nationall y 

Navigationa l requi rem ents for C HS Nationally 
marine transporta tion in Arctic 

Office of Environmental Affa irs EMR Ottawa 

Federal Environment Assess ment DOE Ottawa 
and Review Office 

Northern Environment DIANO Ottawa 

FU DING 
P. Y .'s Total $K Agency 

14 

5 

44 

4 

21 

8 

560 EMR 

183 EMR 

1968 DFO 

300 DFO 

3779 DFO 

151 EMR 

1400 DOE 

600 DI AN O 

Note 

Re gula tor y, etc . 

Environmenta l concerns east 
coast south of 61 ° 18' 

Co-ordinating and expediting 

FEARO 

Main! y regulator y 

(C) To put in conte xt: costs of so me other federa l servi ces 

Atmospheric Environm ent Servi ce 
Environment Protec tion Ser vi ce 
Environment Conservation Service 
Canadian Forest ry Service 
Parks Canada 

DOE 
DOE 
DOE 
DOE 
DOE 

Ottawa 
Ottawa 
Ottawa 
Ottawa 
Otta wa 

2333 11 4 300 DOE i .e ., $114 .3 mil l ion 
747 34 200 DOE 

1580 83 500 DOE 
1029 47 400 DOE 
5175 213 JOO DOE 

Abbreviations 

GSC 

EPB 

C HS 

PCSP 

Geological Survey of Canada 

Earth Ph ys ics Branch 

Canadi an Hyd rographi c Service 

Polar Continental She lf Project 

COG LA Canada Oil and Gas Lands Adm inist rat ion 

BIO 

IOS 

CC IW 

EMR 

Bedford Institute of Oceanography, Dartmout h 

Institute of Ocean Sc iences , Patricia Bay 

Canada Centr e for lns la nd Waters 

Department of Energy, Mines and Reso ur ces 

uses of Lancaster Sound. The wor ks of several marine 
geoscientists in EMR was co- ordina ted by one officer of 
the Geological Survey . Several years ear lier such work 
was simi lar ly co-ordinated for a document on drillin g 
ha zards in Lancaster Sound (DFO) , on engineering in cold 
regions (NRC), a nd on num e rous envi ronmental 
assess me nt panels for a ll of Canada's coastal zones. 

Li aison with industr y on techni ca l sessions at symposia 
has long been a practi ce of the government marine 
geoscient ist. The first Canadian Marine Geotec hni cal 
Conference is an excellent example of thi s effort , both in 
terms of organizationa l dut ies and actual parti cipation at 
the conference . Thi s last point is important because it 
pe rmits the industry to have immediate contact with the 
gove rnment scientist, and offers exposure of this scientist 
to the private sector . 

This workshop conce pt extends to the univer sity and 
other pr ivate resear ch establi shments . A good case is the 
organizing of Canada 's First National Co nf eren ce on the 

DFO Department of Fisheries and Oceans 

DOE De partment of Environment 

DI AN O Department of Indian Affairs and Northe rn 
Deve lopment 

NRC 

DPW 

DND 

National Resea rch Council 

Department of Publi c Works 

Department of ational Defence 

D RE A Defe nce Research Establis hment At lantic 

DREP Defence Research Establishment Pacific 

* Approxim a te 

coastline, a work that has had its proceedings published by 
t he Geological Survey of Canada. The numerous assoc ia t e 
committees of NRC, parti c ularl y ACROSES whi c h deals 
with coastal research, have provided enorm ous impetus to 
the importa nt area of marine geoscience . 

4. Department of Industr y Trade and C ommerce . 

In addition to its assistance to Huntec Ltd ., this 
Department (ITC) has assisted the marine geoscience 
community in its promotion of the Pisces IV submersible 
(DFO) and the Pisces di vers lock-out submersibl e (SOL- J, 
for DND). The Pisces IV has been used t o make direct 
observations of the seabed, as well as to collec t 
geological samples, a ll of which have proved to be 
invaluable in produc ing descr iptive reports of an area . 
The observations ha ve also Jed t o more explai nable 
geological inter pretat ions in areas remote from direct 
viewing. Pisces submersibles have been used in all three 
of Canada's bordering oceans as well as the Arctic 
c hanne ls , Hudson Bay and the eastern seaboard. 
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By W.W. Milne - Earth Physics Branch. It can be said that 
although the Department of Fisheries and Oceans assigns a 
reasonable portion of the available shiptime to marine 
geoscience, this is only sufficient to continue the systemati c 
surveys at present pace. However, the geoscience 
community finds it difficult to respond to problems 

Table 3.2. Summary Breakdown of Federal Expenditures 
by Topic: 1979- 80 

$K 

(!) Regional Geology and Geophysics 

Eastern Canada and eastern Arcti c 6 567 
Western Canada l 040 
Arctic 3 362 
Great Lakes I 215 
Oceans Hydrographic Mapping (GEBCO) 909 

(2) Engineering Oriented Coastal Studies 1 230 

(3) Defence 210 

(4) Hydrocarbon Assessment and Curation l 443 
15 976 

Note that this breakdown is approximate. 

associated with the development of offshore resources. This 
capability may nee d to be developed in the private sector, 
with proper qual it y control so that the observations can be 
included in the national data sets . 

As for positive commentar y, it can be said that off both 
coasts, and in the Arctic, the federal geoscience programs 
have made major cont ributions to resource development, and 
maJor cont ri butions in the science of understanding tectonic 
processes along the continental margins. 

By C .R. Mann - Institute of Ocean Sciences, Patricia 
Bay. The point should be made very strongly, that the 
government scientists have the task of assembling all the 
data to provide a large scale pi c ture of the geology a nd to 
interpret it in terms of processes. However, there a re not 
enough staff to do this and feed the results back to industry. 

By O.H. Loken - Northern Environmental Protection Branch 

l. Your concern for the diversion of scient ific manpower to 
assessment work is fully supported. The problem is more 
pronounced, however, in the environmental sciences, e.g. 
wi ldlife , vegetation studies, etc . Hibernia only is referred 
to but with the great number of other projects (Beaufort 
Sea, Polar Gas, Arctic Pilot Project, Eastern Arctic 
Offshore Drilling, Norman Wells) this becomes a real 
problem. 

Figure 3.9. Ice push on the northern coast of Somerset Island. An 8 km long ice flow struck the 
western shore of Cape Fisher in July 197 3. This "ice-pushed scar" outlines the position of the finger 
of ice pushed 185 metres inland; the photograph was taken in July 1974 (from Taylor, R.B., 1977, 
Arctic, v. 31, p. 133-149). (GSC 202728-G) 
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2. With the extensive involvement in co-operative projects 
our scientists run the risk of focussing on near term 
research of importance to a specific industry proponent. 
As federal scientists it is important that they maintain 
their capability to address a wide range of scientific 
questions and also questions that can only be answered in 
the Jong term. 

3. Government scientists have responsibility for identifying 
qualit y standards for industry collected data so ther e is 
fu ll concu rr ence here with the need for improving ou r 
archiving competence to industry sponsored research. 

4. Indust r y sponsored studies are generally considered to be 
industry funded but the fact is that the Federal Treasury 
through ~write-offs, depreciates and now more 
recently through federal grants de facto subsidizes these 
studies to a very large extent. This fede ral support via 
industry is given at a time when the federal science 
establishment as such suffers under financial constraints. 
Should more of this federa l support be provided directly 
to federal scientists? 

By J. Ploeg - Division of Mechanical Engineering, N RC 

1. Something that our scientists in the Hydraulics 
Laboratory feel very strongly about is the responsibility 
of the coastal engineering branches of government (Public 
Wor ks, Transport, Fisheries and Oceans) to follow up on 
the effects of their work. So long as they continue to 
stop thinking about their designs once they hav~ been 
built, they are doomed to repeat their mistakes. 

A good example might be the recent modification to 
Point Sapin Harbour in New Brunswick, where a fair ly 
radical approach was taken to stop sedimentation in the 
harbour mouth. Both Public Works and Fisheries and 
Oceans were involved in the design, and model testing was 
carried out here at NRC. Since the new breakwater was 
built in 1979, the only monitoring that is known of is one 
hydrographic survey of Public Works in 1980, and a series 
of three sets of aerial photographs made for Mechanical 
Engineering. Whether the fairly radical approach 
succeeds or fails, I doubt that one will ever be certain 
why. And already the Hydraulics Laboratory is being 
approached by the same two departments about a similar 
study of a small harbour on the Magdalen Islands! 

The channel dredging due to begin this year in the 
Miramichi estuary, New Brunswick, is another case 
requiring monitoring during a nd after construction. The 
Miramichi Channel Study of the feasibi li ty of such 
dredging cost millions of dollars and involved many of 
Canada's foremost marine scientists . The re appears to be 
no budget for checking the assumptions and conclusions of 
that study against the real estuary . 

This is perhaps a general fault of engi neers, rather than 
one peculiar to government engineers . Nevertheless, the 
government is much more active in the coastal zone than 
is the private sector, and is thus in an excellent position 
to change the attitude of Canada's coastal engineers . 

2. We should comment on the need to carr y out baseline 
studies in the Arctic using the PCSP conce pt and these 
studies should lead and not follow industr y requirements 
(environm e nt and climate!. 

GOVERNMENT AGENCIES, INSTITUTES AND UNIVERSITIES 
IN NORTHERN CANADA - C .P . Lewis 

From the discussion to this point, it should be apparent 
that the involvement of government agencies, institutes and 
universities in marine geoscience resear ch in northern 
Canada is considerable. Given the size and rapidl y increasi ng 

importance of the Arctic marine area, this is, in itself, not 
surprising. What is somewhat surprising, at least at first 
glance, is that none of this involvement is presently northern 
based nor has it been in the past: there are no research 
projects in marine geoscience funded from within either the 
Yukon or the Northwest Territories; no government or 
university marine geoscientists are based in the north; and no 
permanent facilities dedicated to marine research, including 
the earth sciences, exist in the north. 

Closer inspection, however, reveals a number of good 
reasons for this situation . The Jack of a university in the 
north makes a cont inuing university presence in any given 
scientific field much less likely . The distribution of 
government responsibilities between the south and the north 
also decreases the probability of northern based research, 
particularly in the physical sciences. Those federal activities 
that are based in the nort h are primarily di rected toward the 
provision of services and enforcement of regulations; 
northern research is, for the most part , structurally 
integrated with southern research in federal departments and 
agencies. Some projects have been fu nded through the 
federal mining geology groups in the north but, to this point 
in time, the marine area has not been involved. Nor have the 
territorial governments had much to do either with the earth 
sciences or with related research in cold regions engineering; 
the work they have initiated has focussed on social and 
economic topics and on renewable resource development. 

Although there are no faci lities in the north dedicated 
solely to marine research of any type, there are a number of 
organizations with northern facilities, both permanent and 
temporary, dedicated to the support of science in general. 
These include the federal Polar Continental Shelf Project 
with bases at Resolute and Tuktoyaktuk; the Department of 
Indian Affai rs and Northern Development with scientific 
resource centres at Inuvik, Igloolik and Frobisher Bay; and 
various universities and private groups with permanent, 
marine-accessible facilities at Pond Inlet, Rankin Inlet, Post 
de Ja Baleine and Churchill. Types of support offered may 
include supply of scientific and logistical equipment; 
accommodation and meals; transportation including air 
transport; communications equipment and services; 
expediting services; laboratory, office and workshop space; 
and technical assistance. Some of these organizations, 
especially the Polar Continental Shelf Project, have provided 
and continue to provide extensive and valuable support to 
both ship- and shore-based marine geoscience research. 

The present situation appears unlikely to change in any 
very substantial way in the immediate foreseeable future . 
The population of northern Canada is sti ll conside red by most 
to be too small a nd dispersed a nd the infrast ructure too 
li mited to support the development of a multifaceted 
university in the southern style. The same applies to 
research institutes like the recently suggested "Institute for 
cold regions engineering research and development" which 
are most effect ivel y located on or near a university campus. 
Nor a re changes in the distribution of government 
responsibilities between the south and the north likely to 
have a ny great effect on geoscience research in the north . 
There is some potential , however , for an increase in the level 
of gene ral scientifi c support within the north, an inc rease 
whi ch will be of benefit to marine geoscientists among 
others . The Department of In dian Affai rs and Northern 
Development is currently developing a new framewo rk for 
science support in the north, a framework which is intended 
to be more sensi tive to the needs of the north but which, at 
the same time, should lead to improved services for southern 
researchers . The detailed nature of this new framework will 
be defined by 1982 and implementation should be 
immediately thereafter. Even with improved services in the 
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north, though, most marine geoscience - particularly ship
based projects with their la rge cos ts, extensive logistic 
requirements and depende nce upon re la ted expertise - wi ll 
stil l require southern support and a southern base. 

THE FEDERAL ENVIRONMENTAL ASSESSMENT 
RE VIEW PROCESS - M.J. Keen 

The Environmental Assessment Review Process has 
been applied to projects and deve lop ments in the offshore ; it 
has taken a lot of t ime and money of industrial compani es 
and of govern ment agencies , a nd, as a consequence deserves 
study. Much of the factual informat ion wh ich follows comes 
from a docu ment prepared by Environment Canada. 

The Process 

Cabinet decided in December , 1973 tha t the process of 
e nvi ronmental assessment and review should be est abli shed 
within t he Federal Govern ment to ensure tha t departments 
a nd agencies take environmental matters in to account 
throughout the plann ing and implementation of projects, 
programs and activities initi ated by the department or 
agency, or for which federa l funds a re soli ci ted, or for whic h 
feder a l propert y is requi red . Proprietary c rown cor porations 
and regulatory bodies were to be invited , but not required to 
parti c ipate in the Process. 

More parti cularly, the departments and agencies were: 

a. to undertake or proc ure an assessment of potential 
envi ronmental effects in time, before com mi tme nts or 
irrevocable decisions are made for all projec ts which may 
have an ad verse effect on the environments ; 

b . t o submit the assessments made for all major projects 
that wi ll have a significant effect on the e nvironment t o 
the Department of the Environment to rev iew; 

c . t o incorporate the results of the environmental 
assessments and review in the design, construction, 
implementation and operation of the projects, givi ng 
environm e ntal problems the same degree of 
considerations as that given to economic, social , 
engineering and other conce rns ; 

d. t o include in program forecasts and annua l estimates t he 
funds necessary to carry out the intent of this poli cy and 
program . 

The Minister of the Envi ron ment in c o-operation with 
other Minist ers was to establish the necessar y procedures for 
administer ing the Process, for enabli ng the publi c to 
com ment on environm e ntal issues, for publi c hearings whe n 
appropriate, fo r Environmental Assess ment Panels to include 
a representat ive of the department sponsoring a project, for 
co - operation with provinces and territories in the review of 
interjuri sdictional projects and, in special cases, for 
organization of an Envi ronm ental Review Broad external to 
the gove rnment servi ce . 

The composition and functions of Environmental 
Assessment Panels to review the statements of the 
sponsor ing depart ments were stipul ated and Pane ls were to 
make appropri ate recommendations to the Minister of the 
Environment on the environmental acceptabilit y of the 
proj ect . 
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The Environmental Assessment Review Process was 
formally establi shed on Apr il 1, 1974- fo llowing the 1973 
Cabinet dec ision. This Cabinet decision allowed for changes 
to be made as experience was gai ned. Consequently, Cabi net 
dec ided in February 1977 that the Process should be adjusted : 

a . to permit the appoi ntm e nt of panel members from outside 
the Department of the Environment (DOE) and the 
initiating department; 

b . to st re ngt hen the existi ng review mechanisms t o provide 
suff icient information to evaluate the effectiveness of 
t he assessment phase of the Process; 

c . to ensure that federa l departments a nd agencies provide 
inform ation on, a nd seek publi c response to their projects 
ea rl y in the pla nnin g stage before vital decisions a re 
taken that may be diff icult to alter regardless of public 
opi nion; 

d . to provide for the a llocation of e nvironmenta l assessment 
cos t s between the Federa l Government and project 
proponents . 

In the Government Organi zation Act 1979, Parliament 
di rected, in par t t ha t: 

i . "The Minister of the Environment, in exerc ising . his 
powers a nd car r ying out his duties and fun c tions ... shall 
(a ) initiate, recommend and undertake programs, a nd 
c o-ordinate programs of the Government of Canada, 
that are designed .. . 

ii . to ensure that new federal projects, programs and 
activi ties a re assessed early in the pla nni ng process for 
potential a dverse effects on the quali ty of the natural 
environment and that a further review is carried out of 
those projects , programs and activities that are found 
to have probable significant adverse effects, and the 
results thereof taken into accou nt. .. " 

In itial ly, the Process was adm inistered and panels were 
est a blished by a bra nch of Environment Canada as part of the 
depa rt mental mandate. However, the adm inistration of the 
Process and the operations of the panels have become a 
separate function operating at arm's le ngth from 
Environment Canada . This is done by the Fede ral 
Environmental Assessment Review Office headed by an 
executive Chai r man reporting direct ly to the Mi nister of the 
Environment on operational matters . Environment Canada 
fu nds the Office, under the Administrat ion Program of 
Environment Canada. 

As of the summer of 1980, the Process has been in 
operation for over six years during wh ich period thirteen 
Review Panels have reported to the Minis t er of the 
Environment and the environment al assessments of some 
e ighteen other projects a re at vari ous stages of review by the 
respective Panels. 

The Environmenta l Assessment Review Office itself 
recogni zes tha t t he present process could be improved. For 
example: 

l. Should the "proponent" - the governm e nt agency initiating 
the Process - have membership on the panel or influe nce 
the appointment of panel members? 

2. Government agencies themselves decide whether or not a 
project is like ly to be "environmental! y significant" . If 
the ea rly dec ision is that it will not be, then the project 
will proceed in the normal way, with no invitation through 
the mec ha nism of the Environmenta l Assess me nt and 
Review Process for public comment. Is this proper? 



As a consequence of comments of this sort, of which 
these are only two examples, proposals are being discussed 
(Fall, 1980) fo r changes in legislation. The proposals' aim in 
essence is to strengthen the Process and to ensure greater 
public participation . 

Some Consequences Off shore 

Consideration has to be given to the environmental 
consequences of many projects in the offshore for several 
reasons . A projec t may demand federal funds, as did the 
Annapolis Basin Tidal Power Project. A project may be on 
federal lands - on federal property - as is exploration drilling 
on the Scotian Shelf, for example (in the view of the Federal 
Government) . Departments which "initiate" projects -
supplying federal funds, for example, or which administer 
federal lands, have the right to say that a "project" will not 
have substantive environmental consequences, and so does 
not need referral to the Federal Environmental Assessment 
Review Office. Energy, Mines and Resources took this 
attitude to offshore exploration drilling in federal lands south 
of 61°18'N; Indian Affai rs and Northern Development took 
the opposite attitude with respect to applications to drill in 
Davis Strait (granted), and to drill in eastern Lancaster Sound 
(denied). Energy, Mines and Resources will, however, require 
Environmental Assessment and Review of any proposals to 
produce hydrocarbons in the Hiberni a area, and in the Sable 
Island area. (There are several projects in the offshore of 
this sort; only examples are given here .) 

There are several observations to be made of the 
Environmental Assessment and Review Process, as it affects 
the marine geosciences. 

1. There is probably a much greater awareness of 
environmental consequences because the Process exists, 
whether or not a particular project is referred for review . 
This comment applies to staff in industry and government, 
and to the general public. Various formal and informal 
mechanisms exist to ensure that thi s awareness is 
maintained. As one example, the regional office of 
Environment Canada in Halifax has established a Regional 
Screening and Co-ordinating Com mittee with members 
drawn from the numerous federal agencies in the Atlantic 
Provinces. 

2. The work demanded of geologists and geophysicists in 
organizations such as the Geological Survey of Canada 
a nd the Earth Physics Branch as a result of the 
Environmental and Assessment Review Process is very 
great, and additional resources have not been made 
avai lable to these organizations . This is the situation in 
spite of the inst ruct ion in the original Cabinet decision 
that departments and agencies were to include in their 
forecasts of expenditures an annual estimate of the funds 
required to carr y out the intent of the Process . 

The sort of work involved is: assessment of guide lines 
drafted by an Environmental Assessment Panel for an 
environmental impact statement which a company planning 
to undertake a project - production from Hibernia, for 
example - must file as a part of the Process ; com ment on the 
Environmental Impact Statement itself; participation in 
meetings concerned with the project; scientific work 
designed to enable the federal agency to comment on 
proposals whi c h will come forward. Public servants wor king 
for organizations such as the National Resear c h Council, the 
Geological Survey of Canada and Earth Physics Branch are 
involved in these ways for at least two reasons: 

a . The Federal Government has expertise on its staff, 
a nd this should be used; 

b. Scientists and technologi sts in the federal agencies are 
often the only ones in the country with any expertise 
in a field who are not members of the staff of 
proponent companies, or of consulting companie s 
engaged by the proponents . 

As an example, the only expertise on sea ice scour or 
iceberg scour in Canada outside the companies or 
organizations such as C-CORE, funded itself in part by 
companies, lies with a very few individuals in the Geological 
Survey of Canada. (Expertise on sea ice itself exists of 
course in other agencies .) 

The consequences of this involvement are severe. The 
work required for the environmental review process means 
that other work does not get done, and programs of scientific 
agencies may be c hanged in anticipation of demands which 
the process may ma ke . People outside the Publi c Service -
the Advisory Committee to the Geological Survey of Canada, 
for example, often demand that the Survey: "maintain its 
traditional role"; people inside the Publi c Service demand: 
"you have the expertise; advise on these environmental 
problems". \Vi thout additional resources, the two demands 
are not compatible. 

3. A third observation which is pertinent to the 
Environmental Assessment a nd Review Process is that the 
Process has probably resulted in more collaborative work 
between government scientists and industr y scientists 
than there would have been. Examples are : joint work by 
Petro-Canada and the Geological Survey of Canada in 
mapping the coastal regim es of eastern Baffin Island and 
of Labrador; joint work under the umbrella of the Arctic 
Petroleum Operator's Association between the Geological 
Survey of Canada, Dom e Petroleum, Gulf and Esso in the 
Beaufort Sea, where site-specific geological studies and 
regional geological studies are being integrated . It is 
proper to applaud such collabora ti ve work, in which 
resources are channelled properly, not dissipated by 
duplication. However, col laboration does have its 
disadvantages: 

a . The public ser vant involved in collaboration may be 
the only one to turn to for advice under the 
Environmental Assessment and Review Process; 

b. The public servant may be seen by other companies, 
not involved in a particular piece of collaborative 
work, as a servant or agent of the collaborating 
companies, and this is not a proper status for a publi c 
servant; 

c. The obligation on the Geologi cal Survey of Canada, 
the Earth Physics Branch and other scientifi c and 
technological agencies of the Government of Canada 
is to publish information obtained in a time! y a nd 
acc urate manner. Thi s is not a view held by 
companies to whom information is, naturall y, a 
competitive advantage and an asset. 

These are real difficulties which the federal agencies 
have to face . The situation is probably this, however : 

a. Until massive resources are available to these 
agencies, comparable to those of the United States 
Geological Survey, for example, col laborative work 
will remain the only way to obtain information needed 
to perform the mandates which the government 
agencies perceive that the y have, including the need 
to respond to the demands of the Environmental 
Assessment and Review Process. 
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b. The number of earth scientists working in Canada's 
offshore is pitifully, laughably, smal l. Until that is 
rectified, collaboration wiJJ remain the only way to 
get jobs done, even though this will create situations 
where there is, apparently, conflict-of-interest. 
Collaborative work a llows a company and government 
scientist to obtain understanding of processes which 
will, hopefully, ensure that the potential damage to 
the environment from a project is minimized, and, 
vice versa, that the damage to a project from the 
environment itself is minimized. If this happens, it 
can be argued that the price - apparent conflict-of
interest - is an acceptable one. 

4. A fourth obse rvation concerns the data being obtained 
through the work demanded of companies as a result of 
the Environmental Assessment and Review Process, or 
indeed as a result of surveys needed for their own sake . 
There is an enormous amount; for example, Petro-Canada 
has many times more observations of cu rrents on the 
Labrador Shelf than has the Atlantic Oceanographic 
Laboratory of the Department of Fisheries and Oceans at 
Bedford Institute of Oceanography . This sort of data -
current observations are only an example - wi ll be ver y 
valuable to generations of scientists to come, and it is not 
obvious that the proper systematic efforts are being made 
to ensure that these data are archived properly, or being 
published properly. The responsibility belongs, rather 
clearly, with the government agencies as well as with the 
companies; again, unless government agencies do not do 
something else, they cannot accept this - important -
burden without additional resources. 

5. The final observation is a philosophical one, and is perhaps 
out of place in this document. The strategic objective of 
the Environmental Assessment and Review Process is 
surely: to ensure that as Canadians we play our part in 
seeing that planet Earth remains a marvellous, habitable 
place. To this end we dedicate analyses of cadmium in 
material destined for disposal offshore, and studies of sea 
ice scour in relation to glory-holes a nd well-heads . We 
may despair and regard our puny efforts as fu t ile when we 
see the Atlantic Salmon - one of nature's wonders to 
which our efforts are devoted - disappearing through acid 
rain, knowing that this is totally beyond our control as 
scientists. We should surely not despai r ; we have to be 
optimists and continue to try to save the Earth . 

LEGAL ISSUES IN THE CANADIAN CONTINENT AL MARGIN 
- R.J . Harrison and I. Townsend- Gault 

Introduction 

The Jaw applicable to the Canadian conti nental margin 
is in transition. On the international fro nt, the Third United 
Nations Conference on the Law of the Sea (UNCLOS III) , 
whi c h has been meet ing at intervals since 1977, appears to be 
moving towards a comprehensive Convention deali ng with aJJ 
users of the seas, the seabed and subsoil, and with jurisdict ion 
over them . On the domest ic scerie, competing claims over 
offshore resources may be reso lved soon between t he fede ra l 
and provincial governments . At the same time, new regimes 
a re being implemented to deal specificall y with the 
exploitation of offshore petroleum resou rces. 

Thus, within a few years, the basic legal issues that 
arise in the Canadian continental margi n are likely to be 
largely resolved, at least in terms of the legal framewor k 
that wi ll apply for probably several decades. 

At present, however , it is impossible to wr it e with any 
certainty or finality . Few, if any, of the issues have been 
resolved . 
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It is, nevertheless, possible to identify the issues that 
wi ll have to be resolved as Canada moves towards 
commercial exploitation of the resources of the adjacent 
seabed. In this paper, we group those issues under the three 
headings of International Law, Constitutional Law and 
Exploitation Law. 

International Law 

The Continental Shelf Doc trine 

States derive their rights in respect of offshore natural 
resources from the rules of international law, usually 
referred to as the doct r ine of the conti nental shelf which has 
been an accepted rule of international law for more than two 
decades . Following the initiative of the United States in 
J 945, a consensus developed among coastal states that the 
resou rces of the shelf would be under the exclusive 
jurisdiction of the proximate coastal state. Consistent state 
practice gave rise to a rule of international customary law. 
The principles were codified and developed at the First 
United Nations Conference on the Law of the Sea which 
resulted in the 1958 Geneva Convention on the Continental 
Shelf, as well as three other laws of the sea Conventions. 
The Convention entered into fo rce in 1964, and Canada 
became a party in 1973. The Convention is, therefore, 
declaratory of the nature and extent of the rights claimed by 
Canada in respect of the natural resources of the shelf. It is 
intended, however, that it will be replaced by the Convention 
that is now emerging from UNCLOS III . 

Seaward Limits to National Jurisdiction 

One of the most unsatisfactory featu res of the 1958 
Geneva Convention was the ambiguity in its definition of the 
seaward limits of the area in which national jurisdiction could 
be exercised. The continental Shelf referred to "the seabed 
and subsoi l of the submarine areas adjacent to the coast but 
outside the area of the territorial sea, to a depth of 
200 metres or, beyond that limit, to where the depth of the 
superjacent waters admits of the exploitation of the natura l 
resources of the said areas .. . " This is the legal or jur idical 
shelf (Fig . 3.10) as distinguished from the physical 
continental shelf as a geographic phenomenon. 

The unsatisfactory nature of this rule is obvious. Some 
states, for example France, have adopted a restrictive 
approach, and regard the 200 metre isobath as the seaward 
limit of the shelf. The United Kingdom, on the other hand, 
has issued licences in respect of shelf areas of much greater 
depths, as indeed has Canada . 

The Convention that will likely emerge from 
UNCLOS Ill wiJJ define the outer limit of the juridical shelf 
much more clearly. The coastal state would exercise 
exclusive jurisdiction over the resources of the seabed and 
subsoil withi n 200 nautical miles as an aspect of a new 
concept known as the Exclusive Economic Zone. The coastal 
stat e would retain a JJ revenue der ived from the resources of 
the zone. 

Ju risdiction over the shelf beyond the 200 mile 
Exclusive Economic Zone would extend to a distance fixed by 
combined reference to distance from shore, depth of the 
super jacent wate rs and charac t er isti cs of the physical shelf . 
In simplified t e rms, this outer limit would extent to 
350 mi les, or 100 miles beyond the 2500 metre isobath, 
whichever was greater . Produc t ion or resources within this 
additional area beyond the Exclusive Economi c Zone would be 
subject to the payment of a royalt y to the Internationa l 
Seabed Aut hority, which is discussed in the next section . The 
coastal state would, however , exercise exclusive jur isdiction 
wi t h respect to issuing exploratio n a nd product ion rights a nd 
genera JJ y with respect to exploi t a t ion of the area . 



Figure 3.10. A sketch of the extent of the juridical "continental shelf" off Canada according to an 
interpr etation of Article 76 of the Draft Law of the Sea Convention (based on work by D. Sherwin and 
D. Crosby). Thi s sketch does not r epresent any official position taken by the Government of Canada. 

Canada has in fac t been iss uing oil a nd gas permits fo r 
a reas well beyond 200 miles on the basis of the 1958 Geneva 
Concent ion where, it will be recall ed , the oute r limit of the 
continenta l shelf was fixed by reference to the li mits of 
exploitabili t y. Under Bill C - 48 fo r the Canada Oil and Gas 
Act , it claims jurisdiction for purposes of exploiting the 
natural resou rces in: 

.. . those submarine areas adjacent to the coast of 
Canada and extendi ng throughout the na tura l 
prolongation of the land territory of Canada to 
the outer edge of the continental margin or to a 
distance of t wo hundred nautical mil es from the 
baselines from whi ch the breadth of the 
territorial sea of Canada is measured, whichever 
is greater. 

This c laim is based on the defi nition of the continenta l 
she lf proposed by the draft Convention that is under 
discussion in UNC LOS III. 

The Deep Seabed 

A fundamental principle that has emerged from the 
UNC LOS IIJ delibera tions is that off shore areas beyond the 
limits of national jurisdi c tion known as "the Areas", and the 

resources thereof, "a re the common he r it age of mankind". 
As such, it is proposed that they be exploit ed under 
international control and that revenues deri ved therefrom be 
shared equitably "for the benefit of mankind as a whole, 
irrespec tive of the geographical location of States, whether 
coastal or landlocked, a nd taking int o part icular 
consideration the in t erests and needs of the developing 
St ates .. . " . 

The Area will be administered by the proposed 
Internationa l Sea-Bed Authority to be composed of all State s 
that become parties to the new Convent ion . Activities in t he 
Area will be carr ied out either in association with the 
Authority or by an organ to be known as the Enterprise . 
Thus, the Authorit y will occupy a position somewhat 
equivalent to that of the Crown with respect to C rown-ow ned 
mineral resources on shore a nd wi ll exploit the resou rces of 
the Area t hrough the equivalent of a leasing or li censing 
system a nd through the equivalent of a national oil company 
like Pe tro-Canada. 

Boundary Issues 

As well as establishing the seaward li mi t s of national 
jurisdic tion, the law of the sea also deals with the 
determinati r,n of bounda ries in offshore areas between 
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opposite and adjacent states. Offshore boundaries between 
Canada and the U.S.A . a re yet to be determined in four 
a reas: in the Georges Bank a rea in the Atlantic Ocean; 
between British Col umbi a and Washi ngton, and between 
British Columbia and Alaska, in the Pacific Ocean; a nd 
between Alaska and Canada in the Beaufort Sea. Canada also 
has an unr eso lved boundary issue with respect to the French 
islands of St. Pierre a nd Miquelon off the coast of 
Newfoundland. 

A treaty was concluded between Canada and Denmark 
in 1973, delimiting the shelf between Canada and Greenland 
according to the median line principle. Applica tion of this 
principle, enunciated by the 1958 Geneva Convention, and 
generally recognized as the primary means of effecting a 
delimitation between opposite states, results in a line 
equidistant from the two shores . 

The appropriate method of delimitation appli cable to 
adjacent states is that of equidistance, which provides for a 
line proceeding seaward s from the coast, the direct ion being 
influenced by the configuration of the coastline. The course 
of a continental shelf boundary may be affected by "special 
circumstances", for example, an unusual coast configuration, 
islands, reefs, etc .; the median or equidistance principles are 
not to be applied blindly. 

Dete rmination of boundaries in the Georges Bank, and 
around St. Pierre and Miquelon, is complicated by the special 
ci rcumstances of each case. Normally, Georges Bank 
boundary would be determined by the ordinary applicat ion of 
tf e equidistance principle. However, the U .S.A. claim s that 
the geological configuration of the seabed in the a rea is such 
as to indi cate a "natural" she lf boundar y. There is also the 
question of the effect to be given to Nantuc ket Island in 
determining a boundary. These matters are crucial, for a 
small deflec tion of the line in favour of one state or another 
near the coast makes a difference of hundreds of square 
kilometres at the outer limits of the continental margin. 

Years of negotiations failed to resolve the dispute, 
which became compli cated by the differences of opinion 
concerning fisheries . Canada and the U.S.A. had agreed to 
send the boundary dispute to arbitration by a Chamber of the 
Interna tional Court of Justice in The Hague. The agreement 
was part of a "package deal" which included an agreement on 
the fisheries dispute. The U.S. Senate, dissatisfied with the 
fisheries agreements, refused to ratify them, and the 
arbitration treaty was lost with the others . The U.S.A. has 
si nce indi cated that it wishes to divorce the she lf boundary 
dispute from the others, and send it to arbitration at once. 
Canada is reluctant to agree to this, feeling the loss of 
leverage if the package deal approach is abandoned would 
hamper satisfactory resolution of the fisheries dispute. 

The problems posed in relation to St. Pierre and 
Miquelon are of a different order. These islands, under the 
sovereignty of France, Ii e off the coast of Newfoundland. A 
strict application of the median line principle would give the 
islands an enormous area of shelf, reaching into the Atlanti c, 
at the expense of Canada . The situation is not unli k:: that 
which faced Fra nce and the United Kingdom concerning the 
Channel Islands, the small group of British islands off the 
coast of France. The two states resorted to arbitration 
concerning this and other delimitation problems. The court 
of arbitration awarded the C hannel Islands a twelve mile 
enclave in the French she lf. The Canadian government would 
be in a good position to insist that France accept a similar 
solution for St . Pierre and Miquelon, given the factual 
similarity. 

Until recently, there seemed to be no reason for haste 
in determining the· Pacific boundaries; however, oil and gas 
exploration off the coast of British Columbia seems likel y to 
pick up in the near future, bringing resolution of the shelf 
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boundar y higher up the li st of priorities . 
commercial exploitation of petroleum 
Beaufort Sea inc reases , resolution of that 
becomes more urgent . 

As the prospect of 
resources in the 

shelf boundary also 

The legal issues in the Arc tic, however, go beyond 
merely reso lving the boundary with the U.S .A. in the 
Beaufort Sea. Canada has claimed the right, for example, to 
regulate shippi ng in the northwest passage, and enforce a 
100 mile pollution prevention zone in Arc ti c waters. 

The legal status of Arctic waters, a nd in particular, the 
waters between the Canadian Arctic islands, is not 
conclusively settled. States exercise absolute sovereignty 
over internal waters, that is, those waters lyi ng landward of 
the baselines from which the breadth of the territorial sea is 
measured. The baselines should follow the direction of the 
coast, but stra ight baselines, enclosing areas of sea are 
permissible, for example, across the mouth of a bay, between 
the islands of an archipelago, but, according to the 1958 
Geneva Convention on the Terri torial Sea and Contiguous 
Zone, to a maximum of 24 miles. These rules have been 
considerably developed at UNCLOS III , in response to 
pressures from states suc h as Indonesi a , the Philippines, and 
Malaysia. Rights of passage through the internal waters of 
archipelagic states are preserved, subject to certain 
safeguards. 

Canada has always mai ntained that the Arctic 
envi ronment is especially vulnerable to damage from oil 
pollution, and hence a special legal regime in respect of these 
waters must be e nforced . For these reasons, tanker traffi c in 
the area must be regulated by Canada. 

Constitutional Law 

International law is not at all concerned with the 
distribution of publi c power within a state. This is a matter 
for domesti c constitutions . Thus, the question arises in a 
federal state of whether the rights accorded over offshore 
areas by the international community are to be exercised 
within that state by the central or regional units of 
governm ent. In the Canad ian context, the question has 
fo c ussed particularly on the competi ng c laims made by the 
Federal Government and by Newfoundland. 

In 1967, the Supreme Court of Canada presented the 
unanimous opinion that, as between the Federal Government 
and British Columbia, the Federal Government had exclusive 
jurisdiction with respect to the seabed and subsoil of offshore 
areas. The basis of its opinion was that, at common law, the 
jurisdi c tion of the realm ended at the low water mark. The 
realm might be extended by legislative action but in the case 
of British Columbia there had been no such action before its 
entry into confede ration in 18 71 . The offshore areas in 
question were, therefore, outside the province and thus 
beyond its legislative competence . 

Newfoundland points to its unique history in arguing 
that the B.C. reference does not apply to it a nd that the 
continental mar gin adjacent to its shores is under its, and not 
the Federal Government's, jurisdiction. Prior to its entry 
into confederation in 1949, Newfoundland had been a self
gove rning dominion. In that capacity, it argues, it acquired 
the same right as any other nation with respect to offshore 
areas and in particular with respect to the continental shelf 
beyond the territorial sea. These ri ghts were not, the 
argument continues, surrendered under the Terms of Union 
upon which Newfoundland became part of the Canadian 
federation and, therefore, still abide with Newfoundland. 
Most legal opinion, however, is to the effect that the 
argument would not prevail in a iudi cial resolution of the 
issue and Canada would be found to have exclusive 
jurisdiction off the east coast as well as the west coast. 



Meanwhile, both the Federal Government and 
Newfoundland have been asserting jurisdiction. Each has in 
place a corn prehensi ve exploitation regime for petroleum 
resources. The petroleum industry has been coping with the 
si tuation by taking out both federal and provincial permits 
and by complying with the requirements of each jurisdiction. 
This has been possible during the exploration phase as one 
work progra m can be used to sat isfy two masters. However, 
this method of side-stepping the jurisdi c tion issue cannot be 
carried forward to the production phase as the two regimes 
have different requirements at that stage. While one work 
program might satisfy two mast e rs, the pa yment of royalty 
to one will obviously not satisfy the other. Furthermore, it 
would be extremely difficult, not to mention expensive, to 
apply both federal and provincial provisions with respect to 
direct state participation in com merci a l exploitation, through 
Petro-Canada and the Newfoundland and Labrador Petroleum 
Corporation respec tivel y . 

It is likely, therefore, that the jurisdiction issue will be 
resolved in the near future, either by a court ruling or by a 
negotiated agreement between the governments concerned . 
The Federal Government has offered Newfound land 100 per 
cent of the revenues it would derive if the resources of the 
continental shelf were located onshore until it has reached 
"have" status, with a sharing of these revenues thereafter. It 
is not, however, prepared to concede ownership of the 
resources of the province. 

Exploitation Law 

As indicated in the previous section, both the Federal 
Government and the Newfoundland Government have put in 
place comprehensive regimes governing the exploration for 
and production of offshore petroleum resources. The federa l 
regime has been found in the Canada Oil and Gas Land 
Regulations, first promulgated in 1961 and substantially 
revi sed in 1977. Parliament has before it now Bill C-48 fo r a 
new Canada Oil and Gas Act which will completely replace 
the existing regime. It provides for a two phase licensing 
system under which exploration activities will be conducted 
in accordance with a negotiated Exploration Agreement. 
After commercial discovery, this will be converted to a 
Production Licence. Under the Newfoundland and Labrador 
Petroleum Regulations, promulgated in 1977, the equivalent 
instruments are an Exploratory Permit and a Lease. 

Both the federal and provincial regimes dea l only with 
the exploitation of petroleum resources . Neither purports to 
deal with the extension of the general legal system to 
offshore activities, leaving a major lacuna. It is expected 
that this will be addressed by the enactment in the next few 
years of a Canadian Continental Shelf Act. 

CANADA - ITS ROLE IN INTERNATIONAL MARINE 
GEOSCIENCE - C.E. Keen, D.J.W. Piper, and M.J. Keen 

There is perhaps a higher degree of international 
co-operation in marine geoscience than in any other aspect 
of the earth sc iences. This a rises, in part, because of the 
absence of territorial rights over much of the world's oceans, 
and in part because of the recognition by marine 
geoscientists that a small community of geoscientists 
studying such a large region must share data, resources, and 
ideas. Some examples of large scale international programs, 
which are visible in the sense that they involve the use of 
significant resources, and in which Canadians actively 
participate a re the following. 

Arctic Ocean Geology and Geophysics 

A series of expeditions have used free-floating ice 
islands in the polar pack of the Arct ic Ocean as bases from 
which to collect geophysical, geological and oceanographic 
data . These expeditions are: Canada Basin Acoustical 
Reverberation Experiment (CANBARX, 1978), FRAM (named 
after the vessel, 1979- 1982), Lomonosov Ridge Experiment 
(LO REX, 1979), and the Canadian Expedition to Stud y the 
Alpha Ridge (CESAR, planned for 1983). The first two of 
these, in which Canadian geoscientists have played a major 
role in the geological a nd geophysical aspects of the program, 
a re funded mainly by the U.S . Navy (Office of Naval 
Research ). Parti c ipating countries other than the U .S.A . 
include Canada, Norway, and Denmar k. LOREX a nd CESAR 
a re large! y Canadian projects with major input from the 
Polar Continental Shelf Project, Earth Ph ysics Branch, and 
the Geological Survey of Canada . There is minimal 
participation by other countries in these programs. 

LADLE (Lesser Antilles Deep Lithosphere Experiment, 1980), 
and LASE (Large Aperture Seismic Experiment, 1981) 

These are seismic experiments for studies of deep 
c rustal and subcrustal seismic experiments for studies of 
deep crustal and subcrustal seis mic properties. LADLE was 
ai med at the definition of the subcrustal oceanic lithosphere 
using ocean bottom seismometers . It involved British, 
Canadian, French, and West Indian scientists . The object of 
LASE is to investigate the deep structure of the continental 
margin off New Jerse y, using high resolution, deep 
penetration multichannel seismic techniques . It is largel y a 
U.S .A. funded project, but there is significant input, including 
shiptime, from Canadians . 

Deep Sea Drilling Project (DSDP) 

Although Canada is not a member of the International 
Phase of Ocean Drilling (JPOD), significant input to the 
project has been provided by Canadians, particularl y those 
from Dalhousie University, in drilling deep holes into layer 2 
of the oceanic crust. There was a major Canadian 
contribution to Leg 37 of this project in 1974, when the first 
deep holes were drilled into the ocean crust. The success of 
Leg 37 led to further participation in DSDP through 
membership on various advisory panels. Scientists from the 
Atlantic and Pacific geoscience centres and several Canadian 
universities have recently been involve d in many DSDP sites, 
investigating sedi ments and sedimentary processes on 
continental margins, paleooceanography and down-hole 
experiments in oceanic crust . 

Ocean Island Drilling 

In order to sample greater depths within oceanic c rust 
than possible with present DSDP facilities and to minimize 
costs, Dalhousie University has been a leader in drilling the 
oceanic crust exposed on oceanic islands. Deep holes (2 km) 
on Bermuda, the Azores and Ice land have been completed. 
The Ice land project was a co-operative venture, with 
participation from Canada, Britain, U.S.A., Iceland and West 
Germany. 

Nuclear Waste Disposal - Seabed Project 

This is an international project in which research groups 
from different na tions concerned with the problems of 
disposal of nuclear wastes carry out site surveys in deep 
ocean areas and share the results to establish whether any 
parts of the deep ocean might be suitable for waste disposal. 
Participants a re from Canada, France, Japan, U.K., U.S.A., 
and West Germany . Canada joined the project in 1980; the 
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Atlantic Geoscience Centre has undertaken at least one 
major cruise directed towards this project, and has 
part ici pated in several others. This involvement is based on 
the plans by other nations to consider sites in the deep ocean 
for waste disposal; Canada should be able to evaluate these 
plans c ritically. 

North American Transects Project 

The Canadian Committee on the Lithosphere and the 
U.S. Geodynamics Committee jointly sponsor this project 
whose goal is to construct c ross-sections of the continental 
margins around the North Ameri can continent, from the 
Arctic to the Gulf of Mexico. A total of 24 transects are in 
progress, of which 8 a re off Canada. Working groups, 
involving Canadian government, university and industry 
scientists have been established for eastern, western and 
Arctic margins. 

These are some of the more visible international 
programs, in terms of costs and people. However, there is a 
whole spectrum of equally productive collaborative program s, 
ranging from personal contacts, to larger scale, more formal, 
efforts. It is import ant to recognize, for example, that in the 
five years from 1976 to 1980, perhaps 25 per cent of 
Dal housie University shiptime was on foreign ships . Two 
graduate students participated on different U.S. cruises to 
the mid-Atlantic ridge, one gathering most of her thesis 
material on one c ruise. Co-operative work on the west coast 
of the U.S.A. involved participation in two c ruises by a 
professor and graduate student, resulting in three substantial 
publica tions in which Canadian input was a t least 50 per cent. 
Another graduate student participated on two British c ruises 
from their Inst itute of Oceanographic Sciences, gathering 
Jong-range sidescan data from the eastern Canadian margin; 
these data formed an important part of the student's thesis. 

Similarly, at UBC there have been seve ral co-operative 
programs with American universities, in the Juan de Fuca 
Ridge region . At Memorial, studies of modern carbonate 
rocks in the Bahamas have been undertaken from U.S . ships 
and submersibles. At McGill, there have been co-opera tive 
projec ts on West German ships . Two common themes to 
many of these studies are the use of equipment not available 
in Canada (deep tow, Gloria and Alvin), and the lack of 
shiptime on Canadian research vessels. 

Other co-operative experiments deserving mention 
include multichannel seismic measurements over the western 
continental margin, involving the United States Geologica l 
Survey and the Pacif ic Geoscience Centre. Similar 
experiments over the eastern continental margin have been 
carri ed out between BGR (West German Federal Institute for 
Geosc iences and Natural Resources) and the Atlantic 
Geoscience Centre . In all these experiments, the work was 
carri ed out from foreign ships, with equipment not readil y 
available within Canada. 

Several generalizations can be made from the level of 
Canadian participation in international projects as outlined 
above. First, there is an acceptable level of individual, 
informal co-operation with non-Canadian scien tists, although 
this is difficult to quantify. Second, the rationale behind 
many projects stems from the inaccessibi lity of Canadian 
shiptime or advanced techno logy to those within government 
and, more particularly, university laboratories. Third, the 
level of Canadian participation in large scale international 
projec ts is inadequate. Thi s is illustrated by the fact that in 
the four years from I 977 to 1980, only 13 per cent of the 
total Canadian shiptime (east coast only) devoted to 
geoscience studies was spent on international programs; this 
figure reaches 13 per cent only by liberal interpretation of 
the work "international". A much smaller proportion was 
allocated to similar programs on the west coast. It is further 
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noted that very little international participation has occurred 
on the Canadian-run LOREX and present plans suggest that 
foreign participation in CESAR ice island studies will also be 
very low. 

International programs have some decided 
disadvantages . The Deep Sea Drilling Project, for example, 
discourages graduate student participation largely because of 
the way in which results are published (rapidly, and with a 
large group of coauthors). Sometimes results of co-operative 
projec t s are inaccessib le to all but a few because one 
partic ipating agency may wish to sell the data and hence 
maintain a certain level of confidentiality. The biggest 
disadvantage is often the sheer hard work in organizing 
ventures which include many, widely scattered participants, 
with different masters to satisfy. It is also true that big, 
international projec ts do not necessarily produce any better 
science than smaller sca le resea rch projects ca rried out by 
Canadians in Canadian waters . 

However, Canada stands to gain tremendously through 
major international research projects. The marine 
geoscience communit y in Canada is pitifully sma ll and we 
need, and should welcome, the infusion of new ideas, 
t echnologies, and opportunities which international 
co-operation can provide. The resources necessary to car ry 
out the work decrease in direct proportion to the number of 
non-Canadian participating agencies. The number of 
international programs in other countries, notably West 
Germany, Britain, and the U.S.A., is substantially higher . It 
is, therefore, not surpri s ing that Canada 's marine efforts are 
often viewed by non-Canad ians as being parochial, but 
competent and useful. 

The major difficulty faced in attempting to increase 
Canada's level of participation in international projects is 
inadequate resources to properly carry out even our present 
programs. This is equally true for people, techno logy, and 
ships. Thi s difficulty cou ld be eased by contracting many 
routine mapping functions to private industry. A successful 
example of this approach is the USGS aeromagnetic survey of 
the eastern margin of the U.S.A . This cou ld free scientists 
from an overwhelming burden of data collection, reduct ion 
a nd dissemination, al lowing more emphasis on interpretation 
and global relevance of the results. However, it cannot be 
funded under the present funding structu re. Joint programs 
with industry, particularly those which involve the 
deve lopment of new technology are encouraged at present; 
the availability of additional funds to support expansion of 
these programs would be beneficial. 

An inescapable conc lusion is that the resources 
avai lab le for marine geoscience research must be increased. 
This could be accomplished by a sign ifi cant increase in 
unive rsity marine research; universities are perhaps the 
natura l focus for fundamental research on a global scale. At 
present, we have no academic institution comparable to 
Lamont, Scripps, or Woods Hole in the U.S.A. Government 
laboratories, such as the Atlantic and Pacific geoscience 
cen tres at Bedford Institute of Oceanography and the 
Institute a t Patricia Bay, try to fill the role of these 
institutions. The problem is that these laboratories have 
several mandates; research scientists are urged to do front 
line research of g loba l problems on the one hand, but asked to 
contribute to problem s of immediate concern to Canada 
within territorial waters on the other; they are asked to play 
the role of an academic research institute and act as the 
scientific advisory arm of the government. Strengthening 
these laboratories is desirable, but it is not a Jong term 
solution, if only because Canada needs strengch within the 
universities to train and develop the manpower necessa ry in 
marine research in five to ten years time. The lack of 
trained Canadians is a lready a severe problem . 



Research within the academic communit y could be 
strengthened in a number of directions mentioned elsewhere 
in this report. First, there is an urgent need for more 
technological development within the universities. The 
present levels of funding are inadequate to allow for proper 
technical support staff, and purchase and development of 
"state-of- the-art" equipment . Second, shiptime must be 
available to universities to car ry out thei r own research 
projects. Without access to shiptime, new staff will not find 
Canad ian universities attractive, programs will not be 
developed, a nd students will not be trained. 

In summary, Canadians do participate in international 
marine projects, and enjoy a good reputation in several a reas 
of marine geoscience . Good research carried out by 
Canadians within Canadian waters is recogni zed abroad, 
although we are viewed as being more provincial in our 
outlook than countries who have less to gain than we do from 
marine research. We could greatly benefit from increased 
participation in large international projects, but to do so, 
more resou rces must be available to government and 
academic research groups . 

INTERNATIONAL PHASE OF OCEAN DRILLING: 
CANADIAN PARTICIPATION - M.J. Keen 

The Deep Sea Drilling Project is a program of drilling in 
the ocean basins and continental margins. This goal is being 
realized by drilling and coring sediments and parts of the 

underl yi ng oceanic crust. The Project has been an 
unqualified success; if a single achievement is mentioned that 
must surely be that the Projec t "proved" that the ocean 
f loors spread and the continents drift. 

The Project began in 1966, organized wholly by 
institutions in the United States and funded by the United 
States through the National Science Foundation . Other 
nations became partners in 197 5 when the International Phase 
of Ocean Drilling began; these partners have been Japan, 
Britain, West Germany, France and the U.S .S.R . All these 
nations have contributed financially to the Projec t, but the 
largest share has been assumed by the U.S.A. The Project 
receives direc tion from representati ves of oceanographic 
institutions in the member nations, and is operated by one of 
them, Scripp's Institution. The drilling vessel used at present 
is the D/V Glomar Challenger owned by Global Marine Inc., 
and operated by that compan y on behalf of the Project . 
Funding is organized through the National Science 
Foundation . The Foundation's funds come from the U.S.A. 
and the other participating nations. Canada is not a member 
nation of this International Phase . 

In spite of this, a select few enthusiastic Canadians 
have participated in the program at a modest - but often 
critically important - level throughout the program, as 
members of the scientific team on board, occasionally as 
co-chief scientists, and as investigators of archived material. 
Canadians are invited to participate when the y have skills 
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Figure 3.11 . Poss ible trans-Atlantic correlation of Appalachian-Caledonide features . 
Structural lineations are indicated by narrow bands of horizontal lines. Heavy lines indicat e 
continent-ocean boundaries. Faint northeast trending lines on the North American margin 
are dykes. Other lines indicate boundaries of geological zones or faults . The east-west faults 
li e in zones indicated by the widespread vertical lines. The extent of the Avalon-Anglesey 
and the Humber-Hebrides Zones are indicated by the closely spaced vertical lin es. The 
New{ oundland Sea mounts are indicated by heavy dots. 
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critical to the solution to a parti cula r scientific problem . 
However, not being a member of the International Phase 
means that Canada has no rights to part icipation, and only a 
selec t few have act ively participated, and Canada has no 
influence on site selection. No site proposed by Canada has 
been accepted - the site proposals of member nations have 
always had precedence - rather naturally . 

The project is at a criti cal stage. (I) The drilling vessel 
Challenger is getting worn out. (2) The vesse l is limited in it s 
operational capabilities in terms of weather conditi ons in 
whi c h it can work, penetration into the seaf loor which can be 
attained, and type of rock which can be drilled without great 
difficult y . (3) The U.S.A. Government is cutti ng the 
Foundation's budget . The ational Science Foundation has 
examined four possible courses of ac t ion . (I) To stop the 
Project in I 983 . Thi s would mean that many important 
scientific and technological questions would not ever be 
answered. (2) To refit the Challenger and continue the 
Project for at least five years; this would mean that a 
number of questions would not be answered, and an 
opportunity to make both scientific and technological 
advances would be lost. (3) To fit out the vessel Glomar 
Explorer as a drill ing vessel with the capability fo r well
control and the use of a riser in deep wat e r. This would 
demand major technological advances, with most uncertain 
costs, and the scientific communit y in the member nations 
and industry in the U .S.A. would not support this proposal 
(called the Ocean Margin Drilling Program). (4) To fit out 
the vessel Glomar Explorer as a drill ing vesse l, but without 
the capability fo r well-control and the use of a ri ser initially. 
It is this last option which is being pursued . The Foundation 
proposes to: 

J. Phase out Challenger operations in October I 983. 

2. Convert the Explorer for dri ll ing operations duri ng 1984 
and I 985 . 

3. Continue scientific efforts in I 984 a nd I 985 by using the 
existi ng data, and by planning the use of Explorer. 

4. Operate the Explorer as the drilli ng vessel from October 
1985 onwards fo r eight years. 

The Explorer has many advantages over Challenger: she 
is effecti ve ly new; she is larger and wi ll be able to operate in 
high latitudes; she can dri ll deeper because she can carry 
drilling mud and casing, and a longer dr ill string. The initial 
conversion would not include the capability for well control 
and a riser. This could be added later. A decis ion will be 
made to proceed or not with Explorer conversion earl y in 
1982 (fo ll owing a n appropri ate scientific rev iew which was 
held late in 1981). 

The scientific and technical pro gram over the next 5- I 0 
years will accomm odate several thrusts : (I) the geological 
framewo rk and the geological history of the continental 
margins; (2) the nature of the c rust of the ocean basins - fo r 
example, the composition of the lowe r crust, a nd the nature 
of mi neral-formi ng processes; (3) the history of development 
of the ocean basins - their climates and their oceanography -
over the past 200 million years ; (4) the technology of drill ing 
in deep water , in difficult rocks, a nd of instr umenting drill 
holes. Specific examples a re given later. The ass umpti on has 
been made here that riser and well-control will not be fitted 
later; if they were, the range of pro blems whi ch could be 
tackled would be greater. 

The United States is seeking parti cipation from other 
nations. (1) October 1983-September 1985: as members in 
the planning process ; the entr y fee fo r each fo reign nation 
would be about $200K per year , a tota l cost in ter ms of fees 
of about $400K. New members would be "candida t e" 
membe rs . The Unit ed States would bear the cost of the 
conversion of the Explorer , about $60 million; if the value of 
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the vessel is added, this contribution will be about 
$100 million. (2) October 1985-September 1993: as full 
members in the operational phase with Explorer: the 
membership fee will be about $3 mi llion per a nnum 
(I 983 dollars) for eight years; consortia of nations a re being 
invited to become full members, with members of consortia 
sharing rights, privileges, and costs . Canada expressed 
substantial interest in becoming a "candidate member" at a 
meeting of the present member nations of the International 
Phase of Ocean Drilling on May 19, 1982, at which we were 
represented by t wo observers. A comm itment to jo in as full 
membe rs for the eight years of operations will be required by 
some time in I 984 (during the planni ng period) . 

Canadian Needs and the Deep Sea Drilling Project 

Canada needs geological knowledge of the ocean basins 
and the cont inent al margi ns and the technical abil ity to study 
them for a variety of reasons. (I ) So that we can bette r 
develop and manage ou r own la ndmass and its large offshore 
extensions. Geological knowledge of the ocean basins 
contri butes to this because a knowledge of geological 
processes is essential to management of our ow n offshore, to 
the di rection of explora tion programs for minerals a nd 
hydroca rbons onshore and offshore, a nd to understanding of 
c limati c processes . Technical capability is needed for 
exploration in deep wate r , and fo r management of production 
of hydrocar bons from deep water. (2) So that we can 
contribute to the proper management of the use of the 
oceans globall y. The health of the oceans affect s al l nat ions. 
Canada has an extraordina ril y long coastli ne - some 
250 OOO km - and is bounded on three sides by oceans . The 
health of the oceans clearl y affects Canada very directl y: 
shou ld they be used fo r disposal of wastes? What is the fate 
of eff luents from the con tinents - wi ll they remain in the 
wate rs of the oceans, so affectin g food c hains, or wil l they be 
incorporated into ocean sedime nts? If they a re apparently 
locked -up in sediments, can they be re-cycled back int o the 
wat er column? Canada has to have knowledge of the ocean 
basins so that we can take an appropriate par t in 
inte rnational disc ussions. (3) So that we can contribute to 
the development of knowledge globall y . The nation has often 
acknowledged its responsibil ity to contri bute to t his, as a 
member of the commu ni ty of nations. 

The Deep Sea Dr ill ing Project has Jed to substantial 
contri butions in a ll these categor ies since its beginning and is 
being designed so that this will continue in the next few 
years . 

Examples of some specific Canadia n needs in re la t ion 
to t he Deep Sea Drilling Project follow: 

(I) Canadian needs for mineral science and technology 

Canada is a major worl d supplier of metals . The 
country is at a disadvantage with respect to its competitors 
in terms of wage costs, which a re re la t ively high, and ore 
grades which are relatively low . These disadvantages have 
been offset to some degree by the nation 's competitive edge 
in mineral science and technology. The discove ry of mineral 
deposits in Canada has become progressively more costly a nd 
diffi cult as the easy-to-find ore bodies are located and 
mi ned. Consequent ly, we have t o remain at the fo refront of 
new ideas and new technology ; among these new ideas must 
be better guides to exploration for ore bodies on land. 

The re have been discover ies recently on mid-ocean 
ri dges of metal-rich deposi t s fo rming now, at vents of hot 
water cha rged with metals which deposit the metals as the 
hot water comes into contact with the cold seawate r. Met als 
deposited inc lude: copper, zi nc, iron, lead, molybdenum and 
vanadium . These are a na logs of some major ore-formin g 
processes know n in Canada: of t he massive sulphides of some 



parts of the Shi e ld and perhaps New Brunswick in terms of 
processes, and of sulphi des of some other parts of the countr y 
in terms of processes and geological sett ing. 

In vestigat ions of these deposits have been made using a 
variety of tec hniques, inc luding direc t observations of the 
deposits and the conduct of seafloor experiments with 
submersibles, a nd drilling fro m the Glomar Challenger. The 
processes which lead to their fo rm ation will be understood 
following investigations in the futu re using a com parable 
a rr ay of techni ques , of which drilling will be a pa rt. From 
the point of view of understanding and benefit to Canada , it 
does not matter where the processes are st udied ; however, 
conveni ence suggests that sites close to Canada should be a 
fo c us fo r Canadian-based efforts . Mid-ocean ri dge mineral 
de posits have been found on ridges wes t of Washington and 
Oregon, and com parable s ites are avai lab le for invest igat ion 
west of British Columbia well within the 200 mile ext e nded 
economic zone off the west coast of Canada . 

The em phasis here is on the usefulness of info rmation 
concerni ng processes . It is premature to comment on the 
direct economic signifi cance of the metal-ri c h de posits of 
the mid-ocean ri dges in t erms of mining . 

These invest igat ions wou ld be a pa rt of a t hr ust 
di rected to comprehension of the oceanic c rust . It is now 
realized that the whole oceans cycle through the upper ten 
ki lomet res or so of the earth beneath the sea once ever y t e n 
million yea rs or so, a nd investi gations of the mine ra l deposits 
of mid-ocean r idges are a part of this huge plumbing system. 
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(2) Hydroca rbons: security of suppl y 

The National Energy Program of 1980 envi saged Canada 
moving from a net defi ci t of 215 thousand barre ls of oil per 
day in 1979 to a ne t surplus of 45 thousand bar rels of oil per 
day in 1990. This projec ted surplus is to come in substantial 
part by inc reasi ng non-conventional supply (e .g ., oil sands) as 
conventiona l su ppl y from the western Provinces declines in 
this decade . Thi s is c learl y a n uncertain projection. 
Offshore frontier developments (e .g. Hibernia) were regarded 
as a welcome bonus to the potential supply . The present 
developments offshore wi ll have ta ke n 30 years from init ial 
exploratio n (in the late fifties) to produc tion (in the late 
l 980's) . These developments a re all in relatively shallow 
wate r. Futur e developments will come from the deepe r 
waters of the contine nta l margin; explorato ry drillin g has 
taken place off Canada in water depths of 1500 m, and is 
pla nned for 1982 in 2000 m of water. A la rge part of 
Canada's continental margin, worth prospecting for 
hyd roca rbons, lies in water depths beyond those of the shelf, 
up to water depths of about 6000 m . Exploration using the 
Challenger under the Deep Sea Drilling Project has a lready 
contributed t o hydroca rbon development on our shelves by 
providing control on st ratigraphy, and ideas on geologi cal 
models . Exploration in deep water leading to the discover y 
of hydrocarbons wi ll need good geological models as guides to 
exploration strategies; the Deep Sea Drilling Project has 
al ready cont ributed to this, by recognition of potenti al 
sources of hydrocarbons be neath deep water , for example. 

Some proposa ls fo r fut ur e drilling bear di rect! y upon 
Canadian problems . For example , some reservoirs beneath 
the Beaufort Sea demand a predictive capability for the 

locat ion of old chann e ls on a fo rmer conti nental 
margin. One specif ic proposal for future dr illing by 
Explorer is on a na logs, this very problem. 

(3) Disposal of wastes beneath the deep ocean f loor 

Disposal of wastes such as high-level radioactive 
waste is being considered as an option by some nations 
such as t he United States a nd the United Kingdom. 
These nations may press for changes to the London 
Dumping Convention which at present forbids such 
disposal. Thi s will affect fu t ure disc ussions 
concern ing the use of the seabed. Canada will need to 
know wha t effects disposal of t his sort would have on 
the oceans as a whole over a wide range of time scales 
so that Canada can calcu late the risks involved fo r 
this means of disposal, a nd so cont r ibute properly to 
the international discuss ions . The Deep Sea Drilling 
Project has contri buted to this prob lem in terms of 
providing a regional knowled ge of the floor of the 
ocean a nd its properties globa ll y, and by technologi cal 
developm ents such as the hydrauli c piston core r. This 
device provides a complete re latively undisturbed 
sampl e of the uppe rmost hundred metres or so of the 

Figure 3.12. Sketch of Nort h Atlantic pal eoceanography. at M-26 
magnetic anomaly time, or approxi mately Middle Oxf ordian ( 145 Ma 
ago , on the best ti mescal e availabl e so far) . Thi s time is shortly after 
Site 534 appeared on the Central Spreading Ridge, which was drilled 
during DSDP Leg 76 in 1980 and bottomed in Middle Callovian dark 
shal e on ocean basem ent rocks. Thi s is the fi rst time an actual date 
was found for rocks farm ed during t he earl y spreading history of the 
modern oceans. &lrprisingly, the age is at least 2 stages or 10-20 Ma 
younger than postulated in the lit erature . The sedim entological and 
seismic evidence in the basal sedim ents of sit e 534 f or contourite-type 
deposits sugg est s that there was som e bottom circu lation at this ti me, 
as shown . Also depicted are the paths of surf ace curr ents from the 
Tethys in the east through the inc ipi ent Atlantic, to the Pa c ifi c, 
driven from east to west by the t rade winds (from Sheridan , R., 
Gradstein, F., et al ., 1982, Geological Soci et y of America , full etin, 
in press). 

sedim ents below the seaf loor; it is not possible to 
obtain such samples in any other way . (A "Long 
Coring Fac ility" being developed now by the U.S.A. 
will obtain cores only 50 metres long.) They will be 
vital in ser ious study of sites wh ich a re being assessed 
for suitabi lit y for radioactive waste disposal. 

Informat ion needed to add ress problems of this 
so rt will come from the st udies pla nned of the details 
of the ph ys ica l a nd chem ical processes affec ting the 
uppermost I 00 metres or so of the sedi ments of the 
seafloor, a nd of the detai ls of their history. 

(4) Tec hnology 

Canada needs high technology of all sorts for 
economic de velopment in the l 980's. In term s of 
regional initiati ves, development of high technology in 
industri es related to the oceans is an obvious target 
fo r the At lantic Provinces and Br it ish Columbia. 
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The Deep Sea Drilling Project has contributed itself, or 
has contributed by providing opportunity a nd incentive for 
others, to a large number of tec hnological developments; 
examples a re: dri lling technology for deep water; new 
materials for drill-pipe; the hydrostatic piston corer; and 
instrumentation for experiments "down-hole". A bore-hole 
televie'*'er, a "state-of-the-art" in-hole seismometer, and 
instrumentation for in-hole chemical a nalyses of water a re 
examples of 'such developments "down-hole". The Project 
will need innovative technology in the futu re in a var iety of 
fields, including those mentioned already, but in addition in 
technology for mapping the seafloor in ingenious informative 
ways as a vital prelude to drilling. Canada wi ll need 
comparable technology in exploration and production on its 
own continental slopes - to assess hazards to development 
through slope fai lure a nd seismicity, for example. Various 
developments are underway which have great potential for 
this type of st udy, for work with the Deep Sea Drilling 
Project, and for Canadian-based investigations of metal-r ich 
deposits on mid-ocean ridges. Examples a re: developments 
of mapping systems by Huntec (Toronto) under a PILP/COPI 
project, and by !SE (Port Moody, B.C.), and seafloor sampli ng 
devi ces (Nordea, St . John's, under a PILP/CO PI project, and 
Dal housie University). 

Deep Sea Drilling Project in Context: An International 
Fac ili ty Meeting a National Need 

Canada needs knowledge of the ocean basins beyond the 
shelf edge. To gain thi s knowledge alone, in isolation, wo ul d 
be extreme! y expensive; it should be possi ble to gai n this 
knowledge in consort with other nations in a variety of ways . 
Mechanisms which have been adopted a lready inc lude joint 
work of a ll sorts in the Arc t ic, the Atlanti c a nd Pacific using 
a whole host of techniques. The Deep Sea Drilling Project is 
the most organized of these global geological investigat ions; 
it can be viewed as an international facili t y fo r drilling in the 
ocean basins over the next decade . Work through the Project 
will tie with major projects already contemplated within 
Canada, of which Li thoprobe is a parti c ular example, and the 
earth science thrusts proposed by EM R a nd being discussed 
now by the communit y are more general examples. 

The Canadian Scientific Community 

This community has strongly supported act ive Canadian 
participation in the International Phase of Ocean Drill ing 
through Canadian membership. The feelings of the 
communit y - including industr y, fede ra l and provincial 
governments and universities - have been expressed by the 
Canadian Geoscience Council which recommended to Energy, 
Mines and Resour ces in December 1980 that Canada joins the 
project. 

&Lmmary 

Canada needs geological knowledge of the ocean basins 
fo r its own purposes. The re are several mec hanisms whi c h , 
taken together, will lead to acquisi tion of thi s knowledge. 
One of the mechanisms, which is the most visible a nd the 
most di rect, is partic ipation in the International Phase of 
Ocean Drilling of the Deep Sea Drilling Project. Membership 
would a ll ow partic ipation by staff from a variety of 
institutions in industry, uni versi ty a nd government at a 
substantial level. Membership entails: partic ipation in the 
pl anning a nd management of the Project and payment of a 
fee of about $3 million per annum as a full membe r; 
associated laborator y studies whi ch would cost $1-2 million 
per annum; associated site survey work a t sea appropriate to 
Canadian interest s and capabilities at a cost of $1- 2 million 
per annum. Benefits would accrue to: mineral exploration of 
the Canadian landmass; exploration for hydrocarbons ; 
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management of the Canadian offshore; the proper use of the 
oceans, and informed participation in international fora 
concerned with this. 

MARINE GEOSCIENCE IN PROVINCIAL GOVERNMENTS 
- R .D. Johnson, with contributions by A. Sutherland Brown 
(B .C .) , W. Potter (N .S.) , D.E. Gemmell (N .B.) , D.S. Rankin 
(N .S.), M. Sheppard (Nfld .), and B. Small (Council of Maritime 
Premiers) 

This account is not viewed as complete since many 
agencies must have an interest in marine affairs, particularl y 
in the coastlines a nd in coastal concerns . However, from the 
nature of the accounts received it is obvious that the level of 
involvement in the marine geosciences by the provinces is 
very small a nd predominantly oriented to shoreline problems . 
This level of participation is differe nt in Newfoundland where 
Federal ownership of offshore resources is not acknow ledged 
a nd where the hydrocarbon resources may be substantial. If 
owne rship of offshore resources should become in whole or in 
part the responsibility of various provincial governments, 
then the level of their involvement in marine geosciences 
would necessar ii y increase . 

British Columbia 

Two agencies in British Columbia have a 
participation in offshore geoscience programs: 
Geological Di vision of the Mineral Resources 
Minist r y of Energy, Mi nes and Petroleum Resources; 
Resource Analysis Branch, Mi nistry of Environment. 

minor 
the 

Branch, 
and the 

The Geological Division has been involved in funding 
co- operative offshore researc h fo r sedimentar y or 
hydrothermal mineral deposits at spreadi ng centres of mid
ocean ridges. The program has been called Pacific Ocean 
Mineral s Project (POMP) . For four years UBC was provided 
with $10 OOO fo r this program and has published preliminary 
results of geological fieldwork. In 1977- 78 an additional 
$10 OOO was provided to consultants for chemical analysis of 
cores related to the same program . 

The Resource Analysis Branch, in a co-operat ive 
program wit h the Pacific Geoscience Centre, has developed 
a nd appli ed a system of describing materials, processes and 
result ing landforms of the coastal zone. This system is based 
on mapped shore units wi thin which the characteri stics of the 
supratidal , intertidal and subtidal zones may be separat e ly 
desc ribed. The system has been applied to the northern two
thirds of the Saanich Peninsula at a sca le of 1:25 OOO and to 
the shore zone of Salt Spring Island, at a scale of 1:30 OOO. 
Funding for the two studies totalled about $20 OOO 
provincially, a nd $6000 federally. On Salt Spring Is la nd the 
geological work co-ordinated sediment transport wor k by th e 
Geological Survey of Canada and conc urrent biophysical 
mapping (soils, vegetation, terrain, marine biology). 

Nova Scotia 

Nova Scotia reports marine geoscience act1v1t1es under 
the Department of the Environment a nd through the Nova 
Scotia Research Foundation Corporation. It also participates 
in the joint provincial agency, the Maritime Resource 
Management Serv>e. 

Studies of the Department of Environment a re often 
manageme nt-orie nted and associated with geotec hni cal 
problems . These studies include problems of coastal water 
pollution or accelerated eutrophication requiring evaluation 
of the effects of geomorphological features on the 
c irculation patte rns and the investigation of complaints 
related to such phenomena as coast a l erosion, coastal 
flooding and saltwater intrusion. 



Nova Scotia Research Foundation Corporation (NSRFC) 
for the last ten years has seen a steady growth in marine 
related contracts. This growth has been accomplished mainly 
by continual development of high resolution seismic 
instrumentation to meet present and future needs of 
industries constructing oil production platforms, pipelines, 
wharves, artificial sand islands, etc. in the marine 
environment. In addition, surveys for geological purposes are 
carried out by using magnetometer, gravity meter, or seismic 
equipment; an example of the latter was a survey off Cape 
Breton Island to determine geological structures in detail and 
surficial sediment thickness overlying the Carboniferous coal 
measures. Geographically, personnel of the Geophysics 
Division have worked in most of Canada's provinces a nd 
territories, as well as internationally in the North Sea and the 
Strait of Magellan. 

To deve lop instrumentation and conduc t the field 
surveys, the Geophysics Division employs five professionals 
and three technicians totalling six and one-half person years 
per annum . When required, the Geophysics Division can call 
upon the several other divisions and services within the 
Foundation including the Centre for Ocean Technology . 

New Brunswick 

Present activity in marine geoscience is directed at a 
$100 OOO contracted-out project. The study region comprises 
the outer coastal zone of the Bay of Fundy extending from 
the Nova Scotia border to the U .S.A . border, a distance of 
approximately 250 km (150 miles). It includes the Fundy Isles 
but excludes the inland estuaries . The study area is a 
corridor approximately 3000 metres wide centred on the 
outer beaches. 

The objectives are to document coastal processes and 
the beach and biological resources of the Bay of Fundy. The 
scope of the work inc ludes: coasta l morphology, coastal 
cur rents, sediment transport, erosion or accretion, sand and 
gravel reserves, beach quarry activity, shore frontage 
cultural features, effluent disposal zones, and recreational 
lands . 

The wor k includes description of the biological 
productivity and potential. Recommendations sought are 
relative to management of coastal natural resources 
including: sand and gravel reserves, shore protection and 
erosion control, recreational frontage development, 
eco logical preserves, recreational reserves, allocation of 
coastal natural resources, a nd potential dump sites for oil 
contami nated sand in the event of an oil spill. The project 
should be completed in November, 1980 . 

The Maritime Resource Management Service 

The Maritime Resour ce Management Service, an 
Agency of the Council of Maritime Premiers, maintains an 
expertise in tidal and river engineering and undertakes 
applied research related to coastal and tidal processes. 
MRMS has undertaken design and impac t studies of structures 
on tidal marshes, estuaries and streams. These structures are 
part of coastal protection works and of road systems. 

Recent studies include impact and design criter ia 
studies and design advice for structures in estuaries in Nova 
Scotia (Bras d'Or Lakes, Sissiboo River Estuary); in New 
Brunswick (Petitcodiac River); and in Pr ince Edward Island 
(Hillsborough and Murray River estuaries). 

MRMS has recently completed the programing and 
testing of a computer assisted tidal hindcasting and 
prediction service for all primary and se condary ports in the 
Maritimes. A continuing program of analysis of ice growth 
and movement within tidal rivers in the Bay of Fundy is 
carried out . Particular attention is also bei ng given to the 
mathematical analysis of the formation of tidal marshes and 
lon g term trends a r ising from changes in mean sea level. 

One professional is engaged full time and is supported 
by a number of technicians part time (equivalent to an 
additional I person year) in marine investigations and 
analysis. The level of activity represents approximately 
2.5 per cent of the total MRMS budget. An additional nine 
person years of construction related services a re also 
performed. 

Newfoundland 

The Petroleum Directorate appears to be the sole 
provincial agency with staff directly involved in the 
geomarine sciences . The present complement comprises 
three geologists, a rese rvoir e ngi neer and a production 
engineer, all of whom are direct ly concerned with offshore 
hydrocarbon resources . 

Provincial regulatory requirements have been effective 
in causin g marine-related work by petroleum exploration 
companies as well as substantial donations to support 
research. Studies with a value in excess of $1.5 million 
per formed in the last two years to satisfy requirements 
include: icebergs a nd iceberg scouring, bottom sampling, 
paleomagnetism, and oil spill management . In the same 
period, over $0.3 million was spent in related technical 
education and an additional $0.73 million was donated to the 
Centre for Cold Ocean Resources Engineering (C-CORE) in 
support of re lated research at Memorial Universit y. 

Nordco Limited, an independent corporat e organization 
funded in part by the Federal Government through funds from 
the Department of Regional and Ecnomic Expansion, 
specializes in research and technology related to cold water 
environments, including offshore petroleum technology. 
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4. UNIVERSITY 

The university section includes four papers on marine 
geoscience in Canadian universities. 

A summary of the status of Activities a nd Expenditures 
of the universities in marine geoscience is presented by 
D.J .W. Piper, formerly Chairman of the Geology Department 
at Dalhousie Universi t y and now at the Atlanti c Geoscience 
Centre. Piper indicates university involvement in marine 
geoscience is small ($2 million/year; 25-30 university 
scientists a nd engineers across Canada) and concentrated in 
relatively few fie lds (coastal studies, ocean crust and, to a 
limited extent, marine geophysics, sedimentology and 
st ratigraphy). Most of the expenditures are split between 
faculty and graduate salaries ($1 million) and grants in aid of 
research ($0.86 million) together with shiptime costs on the 
east coast ($0.2 million). 

R.D. Johnson gives additional statistics on the level of 
Funding To Universities. Relative to other ocean sciences, 
the marine geosciences account for I 1.5 per cent of the 
student enrollment and receive 7 per cent of NSERC 
(Nat ional Science and Engineering Research Council ) 
Opera ting grants. Of the $6.5 million in new NSERC 
research grants, $1.6 million went to ocean sciences of whi c h 
$0.26 million went to the marine geosciences at six 
universities. Of the $0.6 million in total grant awards by 
EMR, ($0 .08 million) went to marine geosciences at nine 
institutions. Approximately $0 .5 million is currently being 
spent on mari ne geotechnical research . 

The status of Marine Geoscience In Universities is 
prese nted by region based on information provided by 
R . Chase (British Columbia), J.I. C lark , (Alberta), 
D.H. Shields, (Saskatchewan and Manitoba), S.B . McCann, 
(Onta rio and Quebec), D.J.W. Piper, (Nova Scotia, New 
Brunswick and Prince Edward Island) and G.R. Peters, 
(Newfoundland). Special emphasis is placed on the University 
of British Columbia and Dalhousie University which are the 
major Canadian sou rces of professionals for the marine 
geosciences . These two universities have an average output 
of four or five postgraduate marine geoscientists per year, 
with Dalhousie University outproducing the Universit y of 
British Columbia in a 3:2 ratio . The areas and ratios of 
specialization are si milar: 

Geophysics/C rustal studies 

(Dalhousie 35%: UBC 38%) 40% 

Sedimentology 

(Dalhousie 50%: UBC 48%) 50% 

Geochemistry 

(Dalhousie 15%: UBC 4%) 10% 

Both Chase and Piper respec tively stress the need for 
shiptime and less obsolete equipment for the University of 
British Columbia and Dalhousie University. Piper, in 
part icular, is concerned that there should be sufficient 
funding to develop the manpower needed by federal agencies 
and industry. In this regard, it is interesting to note that 
while most universities report involvement in coastal 
sediment studies followed by oceanic crustal studies, 
Dalhousie University and the Universi ty of British Columbia 
are the only universities listing signifi cant involvement in 
marine geochemistry, and Dalhousie is the only university 
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with development programs in marine resource management; 
only the University of Alberta reports any significant 
involvement in marine geotechnical acti vities. 

In January, 1981, ninety-eight university professors met 
in Ottawa in a workshop, "Universities - The Next Decade", 
to discuss future developments in earth science. Piper 
presents a draft report prepared by the Marine Geoscience 
Group of this workshop. In assessing the direction of 
scientifi c studies in the coming decade and the obstacles 
universities will face, the report recommends action directed 
toward: increasing the availability of shipt ime; upgrading the 
number of professionals teac hing, and the quality of 
tec hnicians. 

Togethe r the four papers indicate that the critical 
factor in University marine geoscience in Canada is the small 
scale of the operations in terms of numbers of scientists, 
t echnicians a nd students; researc h grant support; and access 
to shiptime . As indicated, total expenditure by universities 
in marine geoscience is about $2 million. 

In preparing the University section, the following 
comments were heard by the comm ittee and are offered here 
as signifi cant observations . Most "marine" training is 
received at graduate levels; however, most undergraduates 
a re goi ng direc tly into industr y at present . As a result, very 
few professionals trained to the M.S.c . and Ph.D . levels will 
be avail able within a year or two despite a predicted large 
demand for marine speciali sts in the immediate future. Job 
opportunities in this area have been relatively scarce to date . 
Although many with this training have found emplo yment in 
petroleum exploration, they do not necessarily work on 
marine projects. There is a noticeable lack of Ph.D. level 
marine geoscientists, and most university faculty positions 
have to be filled by non-Canadians. Although there is a 
present tendency for universities to call for increased fu nding 
from industry, universities do not necessarily want the 
constraints and direction that such fundi ng may entai l. There 
appears room for trade-offs between universities and industry 
whereby industry supports both Jong term and short term 
researc h, and universities address more areas of research 
appli cable to industrial needs. 

U NIVERSITY ACTIVITIES AND 
EXPENDITURES - D.J.W. Piper 

The most prominent feature of marine geoscience in 
Canadian universities is that it is on a small scale. Marine 
geoscience faculties total about twenty scientists across the 
countr y and an additional five to ten engineers. As a result, 
research and graduate education is concentrated in relatively 
few fie lds; there is rarely the "critical mass" necessary for a 
vibrant graduate program and adequate equipment and 
tec hnical support. 

The present status of various subdisciplines is discussed 
below: 

Coastal studies are well represented. Work on beaches is 
largely by the Ontario universities, with good interaction 
with physical oceanography. Estuarine and suspended 
sediment research is active, both on the west coast and in 
Quebec , with conside rable interaction with other marine 
disciplines. As with other disciplines, there is minimal 
university work on the coastlines in the northern two-thirds 
of the country, largely because of costs . 



Ocean crust studies are strong, with involvement of 
substantia l numbers of geologists whose normal interests a re 
not marine, and a high level of international co-operation . 

Marine geophysics is carried on by extremely small 
numbers, wh ich is surprising and a cause for concern, given 
the importance of marine geophysics in both the government 
and industry sectors . Most work is concerned with 
continent a l margins . There is virtually no university work in 
ma rine gravity, heat flow, or high resolution seism ics, and 
little in geomagnetism. Rec ruitment of marine geophysicists 
to university positions is lagging and made difficult, by lack 
of state-of-the -art equipment, shiptime, and other 
geophysicists with whom to interact. All these problems 
could be redu ced substantiall y by better co-operation with 
government and industry . 

Sedimentology and stratigraphy (excluding coastal wor k) 
is also very limited . There is almost no work on continental 
she lf or deep water sediments or their dynamics (partly 
because those interested receive insufficient shiptime). The 
offshore Mesozoic-Cenozoic sediment sequence is worked on 
by occasional graduate s tudents, but there are almost no 
continuous programs. Quaternary st ra tigraphy is limited to a 
little east coast work and coastal zone studies . There is 
little geologically oriented chem ica l work. 

Universi ty Expenditures in the Marine Geosciences 

Direct expenditures by the universities 

There are probably 25 faculty members involved, who 
spend half of their time on marine geosciences . If the 
average cost of a faculty member is $60 OOO per yea r 
(including overhead, and this seems a low figure) this cost is 
then $7 50 OOO. 

The additional costs of about 25 graduate students at 
$10 OOO per year is $250 OOO. Hence, the total direct cost is, 
very approximate ly, $1 OOO OOO . 

Grants in aid of research 

Grants in 1980-81 in the marine geosciences were: 
N.SERC Strategic Grants $ 250 K 
NSERC Operating Grants, etc. $ 400 K 
EMR Research Agreements $ 90 K 
Other Federal Grants $ 30 K 
Provinc ial Aid $ 70 K 
Industry Contracts and Grants $ 20 K 

n6QK 

Shiptime 

(a) Canadian Government We do not have costs for all 
university shiptime, but we do have the costs for 1979-80 for 
east coast work, using Ocean Science and Surveys' vessels 
from Bedford Institute of Oceanography. 

By Disci pline 
Geology and geophysics 
Biological oceanography 
Physical and chemical oceanography 
General (eg. equipment testing 

By University : all disciplines 
Acadia 
Dalhousie 
U. of Q. Rimouski 
McGill 
Memorial 

$108.3K 
300. OK 
208. 5K 

18. 7K 
635 . 5K 

l70.5K 
296 . 9K 

62. lK 
79.6K 
26.4K 

635 . 5K 

The comparable figure for tot a l cost of shiptime in 
1979-80 incurred by Ocean Science and Surveys of the 
Department of Fisheries and Oceans (Atlanti c ) is $7786.9K . 
The figure for universities for 1979-80 is, according to Ocean 
Sc ience and Surveys, abnormally low . If we take this into 
accont, and add estimates of west coast university costs 
borne by ocean Science and Surveys, the "normal" figure fo r 
shiptime for the earth sciences in the universities is probably 
c lose to $200K . 

(b) Foreign Governments and 'institutions ' shi ptime. 
Da lhousie estimates that about one-third of its work is on 
foreign vessels; this puts the value in the region of $25-$50K 
per annum . Consequently, a figure of $225K may be c lose to 
the total cost of shiptime for mar ine geosciences in the 
universities. 

Totals 

The total expend iture by universities 
geosciences is then: 

Direct by the universities: 
Grants-in-aid, etc . 
Shiptime (79/80 $1s) 

in the marine 

$1 OOO OOO 
860 OOO 
225 OOO 

$2 085 OOO 

This figure, $2 million, is approximate because of the 
uncertainty of the sa lary costs. It is almost certainly high 
because of the liberal interpretation of the term "marine 
geosciences" in terms of faculty . However, it is clear 
(a) that expenditures are of the order of $2 million, a nd 
(b) that the cost of shiptime used in the marine geosciences 
in th e universities is only a small component of this total 
expenditure, and is only a minor component of the total 
shiptime cost s of Ocean Science and Surveys. 

FUN DING TO UNIVERSITIES - R.D . Johnson 

The availability of research funding is critical to 
university research . Some indication of the sources and level 
of funding is gleaned from four sources . 

The Canadian Committee on Oceanography prepared a 
report for the Committee on Grants and Scholarships, 
National Research Council (NRC) on "The Marine Science 
Facilities of Canadian Universities" (March, 1976). The 
report indicates that between 1972 and 197 5, the graduate 
students enrolled in marine geosciences represented 
11.5 per cent of the students in all marine sciences and 
received 7 per cent of the operating grants through NRC. 
Marine biology (together with freshwater biology and 
limnology) accounted for 63 per cent of the students and 
received 72 per cent of the funds. The level of funding 
indicates that on average the equiva lent of four to five 
fellowships went to the marine geosciences each year. 

The paper, "Results of a Survey of Research in 
Geotechnics in Canadian Universities", (Canadian 
Geotechnical Society, Technical Memoir no. 126, 1979) shows 
that about $5 million is being spen t on geotechnica l research 
of which only 10 per cent is marine related. Research was in 
progress at Queens, McMaster, UBC, University of 
Saskatchewan, and Memorial and covered subjects inc luding 
Arctic beac h studies, submarine slumping, sea ice and 
icebergs, s ite investigation, foundation studies and sediment 
properties. 

An information publication of Natural Science and 
Engineering Research Council Canada (NSERC), entitled 
"Resea rch Grants in Areas of National Concern in 1979-80", 
indicated that 'Oceans' was one of five areas receiving 
NSERC strategic grants, the others being comm unications, 
energy, environmental toxicology, and food/agriculture. 
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Of the $6.5 million in new grants, $1.6 million went to 
'Oceans' (more than one-fifth) . Of this $1.6 million, 
$0.26 million went to support marine geoscience activities at 
six universities. The NSERC grants averaged $30 OOO and 
covered a wide range of subjects including ocean sediments, 
crustal spreading, crustal seismic, marine geodesy, trace 
elements and icebergs. 

The Report of the Canadian Geoscience Council on 
Current Research in the Geolo ical Sciences in Canada, 
May 1979 - April 1980 GSC Paper 80-5), provides insight 
into the current dist ributi on of marine geoscience research 
and the funding levels . Grant awards by EMR in this area 
were made to nine of the twenty-nine institutions receiving 
awards . These nine institutions received eleven awards 
totalling $83 350; the largest grant was $15 OOO and the 
average grant was $7500. These marine related geoscience 
grants accounted for 15 per cent of the nearly $600 OOO total 
grant awards. Twenty-one NSERC Operating Grants for 
marine geoscience projects were allocated to ten institutes 
as follows; University of British Columbi (5), Dalhousie 
University (5), McGill University (2), Unive rsity of New 
Brunswick (2), Lakehead Unive rsity (2), University of 
Windsor (!), University of Calgary {!), University of 
Guleph (!), University of Toronto(!), Queen's University(!). 
Of these projects 11 were sedimentological while 4 concerned 
tec tonics, 3 paleontology and 2 geochemistry . 

MARINE GEOSCIE NCE IN UNIVERSITIES - Contri butions 
by R. Chase, J.I. Clark, D.H. Shields, S.B. Mccann, 
B. d'Anglejan, D.J.W. Piper and G.R. Peters 

British Columbia - R. Chase 

1. The University of British Columbia 

Geoscience research in the three British Columbia 
universities is concentrated at the University of British 
Columbia, the only one of the three possessing an engineering 
school as well as departments of Geological Sciences, 
Geophysics and Astronomy, Geography, and Oceanography. 

To review developments, a study of sediments and 
struc ture of deltas, fiords, straits, and the continental shelf 
commenced in the late 1960s. Recently this has broadened to 
include studies of particulate matter suspended in fiords and 
the Fraser River . Tectonics and petrology of plate margi ns 
and seamounts in the northeastern Pacific have been studied 
sinc e 1969 . The Department of Geophysics and Astronomy 
has investigated aspects of the structu re of the western 
Canadian continental margin and adjacent ocean floor si nce 
1971. A study of the sediments of active ridge crests in the 
northeastern Pacific commenced in 1977. In 1979, research 
began into the geochemist ry of sediments of continenta l 
margins and the deep ocean. Diverse studies include: 
contributions of marine algae to recent coastal sediments, 
strengths of marine sediments, and processes affecting mine 
waste and tailings dumped into coastal inlets . 

The number of facu lty members and graduate students 
working in the geomarine field at the University of British 
Columbia grew between 1964 and 1971, then remained stable 
through the 1970s. If the present situation is not perturbed, 
the prospect fo r the 1980s is that numbers wi ll remain 
unchanged except, possibly, for micropaleontology and 
marine geochemistr y in the Department of Oceanography. 
Obvious personnel gaps at the Unive rsity of British Columbia 
include micropaleontology and geomagnetism. 

Equipment at the University of British Columbia 
includes a single-channel continuous seismic profiling (CSP) 
system, sediment- and rock-sampling devices, geochronology 
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laboratories for Sr, K/ Ar, and Pb, computer fac ilities, 
analytical facilities for major and trace elements, electron 
microprobe and scanning elec tron microscopy (SEM), and 
laboratories for sedimentology. 

University of British Columbia scientists operate only 
one vessel, an 18-foot boat with inboard motor, owned by the 
Department of Geological Sciences. Most research is done 
aboard federal vessels, obtained through the west coast 
working group of the Canadian Committee on Oceanography . 

The level of teaching and research in the various 
departments comes to 4.5 person-years/year with the number 
of graduates averaging seven/year. Research funds in the 
order of $I 00 OOO/year come from the Federal and Provincial 
governments and industry. 

UBC GRADUATE STUDENTS IN MARI 

Total Number of Students Graduating 1969-80: 28 

Fields : 

M.Sc./MASc 
Ph.D. 

Geophysics/Crustal 
Sedimento logy 
Geochemistry 

56% 
44% 

48% 
48% 
4% 

Major Equipment Requirements. Equipment not possessed by 
the universities but desirable for effective exploration by 
Canadian scientists of deeper parts of the continental margin 
and the nearby ocean floor includes a ship equipped with a 
multibeam sonar system for detailed bathymetric contouring 
and a submersible capable of operating at depths greater than 
2 km . The great expense of acquisition and maintenance of 
such equipment make a government department the most 
obvious choice fo r operating agency. With her long coast-line 
a nd adjacent la rgely unexplored continen tal margin, Canada 
could benefit great ly by ownership of a multibeam sounding 
system . Exploration fo r possible hydrothermal vents and 
deposits at depths of 2-3 km on Juan de Fuca and Explorer 
ridges and direct observation of processes at such sites would 
be possible from a manned submersible capable of operation 
at depths of 2-6 km. At present, the Pisces IV, owned by the 
Canadian Government, has a capability of only 2 km, allowing 
direct observation of on ly the upper continental slope. 

2. Simon Fraser University 

Two members of the Physics Department a re studying 
ways to date ocean sediments using thermoluminescence and 
alpha-scinti ll ation counting. 

3. Royal Roads Military College, Esquima lt , B.C. 

Personnel from the Coastal Marine Sciences Laboratory 
at Royal Roads have undertaken subbottom su rveys of 
harbours near Victoria using 3.5 kHz sonar. 

4. Univer sity of Victoria 

At present there is no geomarine activity . A research 
vessel sui table for coasta l waters is operated by the 
University . 

5. British Columbia Institute of Technology 

There is no geomarine activity at present. 



6. Bamfield Marine Station 

The Bamfield Marine Station, run by the Western 
Canadian Uni ve rsities Marine Biological Society at Bamfield, 
on the west coast of Vancouver Isla nd, has accommodation 
and labora tories for staff and students and offers cou rses and 
opportunit ies for research in marine biology a nd ecology . No 
geomarine research is conducted there presently. 

Alberta - J.J. Clark 

University of Alberta 

Some resea rch activity is being carried out on 
geotechnical properties of marine sediments. A great 
amount of resea rch, some of which is applicable to offshore 
permafrost, has been conducted on permafrost-related 
geotechnical problems. Although the current marine 
geotechnical program a t the university is modest, some of 
the staff have been very actively involved in consu lting on 
marine geotechnical aspects of the developments in the 
Beaufort Sea and off the east coast. 

Central Canada - S. B. Mc Cann with contributions by 
B. d' Anglejan and D. H. Shields 

These comments summarize university activities in 
marine geoscience in those provinces bordering Hudson a nd 
James bays and the St . Lawrence-Great Lakes system, 
namely, Manitoba, Ontario and Quebec. Manitoba reports no 
present marine research (D.H. Shields). Coastal or civ il 
engineering work, particularly at McGill and Queens 
universities, has not been included. 

Ontario 

There is no major marine sc ience effort in Ontario 
universities, but research and graduate teaching in coastal 
and nearshore sedimentology and geomorphology is being 
actively pursued by seven individuals in different institutions, 
six of whom contributed papers to the Coastline of Canada 
volume (GSC Paper 80 - 1 O) published by the Geological Survey 
of Canada in 1980. All a re presently training graduate 
students and con tinuing their researc h at a variety of loations 
around the coastline of Canada. In addition an extensive 
program of studies of the modern intertidal sands in the Bay 
of Fundy was carried out between 1968 and 1976 by members 
of the Geology Department at McMaster University . 

The scale of operations is modest in terms of overall 
budgets, equipment holdings and technical support. Costs of 
field operations, often in remote locations, have consituted a 
re latively large proportion of total research budgets . Three 
of the groups have small open boats for inshore surveys, 
together with echo-sounders and shallow water coring 
equipment, and all report access to good laboratory facilities 
for the stud y of sediments . Scarborough has a mini
computer-based Hyd rod ynamics Monitoring System with 
continuous resistance wave staffs and e lec tromagneti c 
flowmeters. 

A variety of coastal research projects carried out at 
Ontario universities are listed: 

Guelph (G eography) 

l. Sediment transport processes resulting from storm-wave 
activity on a sand y, barred coast . 

2. Sedimentation in Georgian Bay. 

3. Problems of coastal erosion between Grimsby and 
Hamilton. 

Guelph (Land Resource Science) 

l. Geomorphology and sediments of shallow marine 
environments of the Onta r io coast of Hudson and James 
bays. 

2. Sedimentological processes and sequence of the estuarine 
reaches of the rivers of the Hudson Bay lowlands. 

McMaster (Geography) 

l. Subarctic tidal flats in an a rea of large tidal range, 
S.E . Baffin Island. 

2. Sediment dispersal patterns and shore morphology, 
Georgia Strait coastline of Vancouver Is land, B.C . 

Mc Master (Geology) 

I. Possible environmental effects of Bay of Fundy tidal 
power development, especially in relation to intertidal 
benthic communities. 

Queens (Geography) 

l. Fiord and shallow marine sedimentation, SE Baffin Island . 

Scarborough College, Toronto (Geography) 

l. Nearshore hydrodynamics : empirical studies of water 
motion under shoaling a nd breaking waves. 

2. Sediment transport, bedforms and sedimentary st ructu res 
generated by shoaling and breaking waves in a barred 
nearshore environment. 

3. Numerical modelling of sediment transport patterns in the 
Toronto Waterfront . 

Windsor (Geography) 

l. Shore platform development in eastern Canada - Gaspe, 
Bay of Fundy, Newfoundland, and lakes Erie and Huron . 

Quebec 

In Quebec there are two main groups involved in 
oceanographic research a nd teaching, and each has a 
geological component: G.I.R .O.Q. (Groupe lnteruniversitaire 
de Recherches Oceanographiques du Quebec) and, at 
Rimouski two c losely related groups namely : 

L'lnstitut National de la Recherche Scientifique 
(I.N.R. S. - Oceanologie) de Rimouski, and 

Departement d'Oceanographie de l'Unive rsite du Quebec a 
Rimouski . 

G.I.R.O.Q. was founded in 1970 as an affiliation of 
oceanogrpahers from McGill University, Universite de 
Montrea l, and Universite Laval to co-operate in research 
projects on the St. Lawrence estuary. The optimistic 
introduction to their most recent report (G. I.R.O.Q., Rapport 
Septieme, 1978-1979) indicates that the group has established 
its scientific c redibility and continued to provide the 
infrastructure for a variety of different stud ies. Much of the 
researc h was biological a nd of the 49 projects listed for 
197 8- 79 only 8 or 9 co uld be c lassed as geological. Most of 
this was being undertaken at the Marine Science Centre of 
McGill University. 

Research in marine geology at the centr e consists of 
sedimentological and geochemical studies in shallow coastal 
waters and estuaries in the St . Lawrence est ua ry and also in 
similar environments a long the eastern shores of James Bay. 
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It can be summarized under these headings : Quaternary 
evolution of the estuarine morphology and sedimentation 
regime; sediment transport processes under present oceano
graphic conditions; geochemistry of the suspended matter and 
surface sediments. 

At Rimouski, both organizations are housed in the 
Laboratoi re Oceanologique de Rimouski, opened in 197 5 and 
operated by J.N.R .S. - Oceanologie, on the Universite du 
Quebec campus at Rimouski. Both groups are relatively new, 
as indeed is the establishment of a university at Rimouski, 
and it is too early to evaluate properly the success of this 
planned establishment of an isolated oceanograhic centre in 
Quebec . Recent report s of both groups emphasize the 
coJ!aboration between them and the mood is optimistic . 

The mandate of J. N.R.S. is applied research for coastal 
management, and the research is grouped into two 
programs - marine biology, physioecology and biochemistry; 
and littoral sedimentology - with more emphasis to date on 
the forme r. The littoral sedi mentology projects in 1978-79 
were concerned with sedimentation in the port of 
Gros-Cacouna and shore sediments at Trois Pistoles in the 
St . Lawrence estuary, and with littoral sedi ments and 
processes in the Magdalen Islands. With the addition of a new 
coastal sedimentologist, studies are now being undertaken on 
the estuaries and deltas of the north shore tributaries of the 
St. Lawrence. 

The Departement d'Oceanographie was created in 1979 
from a somewhat looser grouping of researchers in 
oceanography withi n the Department of Science (Section 
d'oceanographie de l'Universite du Quebec a Rimouski) which 
was established in 1973 and had been offering a Master 's 
program since that time. The program is multidisciplinary 
and includes physical, geological, chemical and biological 
oceanography. There are plans to start a Ph .D. program . 
The number of staff involved fuJI time with teaching and 
research in oceanography is six, including one physicist, one 
geologist, two geochemists, and two biologists. Five other 
faculty members contribute to the program with teaching and 
thesis direction . Three fac ulty members are involved in 
geological and geochemical research, investigating the 
biogeochemistry of the benthic boundary layer. 

Maritime Provinces - D. J. W. Piper 

Almost aJI university marine geoscience work in the 
Maritime Provinces universities is carried out at Dalhousie 
University in Halifax : thus Dalhousie forms the first and 
greater part of this account . 

Dalhousie University 

Marine Geoscience at Dalhousie is undertaken by two 
separate departments, those of Geology and Oceanography . 
There is c lose informal co-operation between the two 
departments, and the division of research work, teaching and 
equipment is largely the result of interests of individual 
faculty members . The univesity is known for its work on 
oceanic c rust, structure of the continental margin, recent 
marine sedimentation and Quaternary studies . Most of the 
work is carried out in the North Atlantic and contiguous seas. 

Staffi ng. The University has recently created two new 
mar ine geoscience faculty positions in the Oceanography 
Depa rtment, and one new position in the Geology Department 
which may be filled by a marine geoscientist . These positions 
are not included in Ta ble 4. 1, which lists staffing as of 
Janua ry I, 1981. Almost all of the mar ine geoscience faculty 
have some nonmarine teaching responsibilities. There are a 
large number of facu lty with marginal interest in marine 
geoscience (e.g . chemical oceanographers and an igneous 
petrologist) . 
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Table 4. 1. Marine geoscience staffing, 
Dalhous ie University 

Number 

Regu lar faculty with primary 
interest in marine 
geoscience 5 

Special (term) faculty 
appointments 3 2 

Regular faculty with 
margina l interest in 
marine geoscience 7 

Gra nt-funded researc h 
associates, post 
doctoral fe J!ows 2 

University-funded tech nicians 2 

Grant-funded tech nicians 
(inc luding part-time 
student assistants) ? 

Total 
Person-Years 

3.5 I 2 

1.5 " 

I 

2 

1.2 

3 

1 Of which, say , 70% researc h a nd graduate student 
supervision, 20% teaching of marine geoscience and 10% 
administration . Remaining 1.5 person-years divided 60% 
teaching a nd 40% research not in marine geoscience. 

2 Tota l Geology Depa rtment 12 ( 11 per son- years), 
Oceanogra phy Department 13 ( 12.5 person-years). 

3 One University-supported, one largely NSERC-supported . 
" Predominant ly research . Remaining 0.5 person-years 

largely in research not in marine geoscience . 

In addition, there are some 20 faculty members with 
interests in the oceans, both the science of oceanography 
(Departments of Oceanography and Biology), and the legal, 
economic and soc ia l aspec ts of the oceans (Ocean Studies 
Program). 

There is very Ji ttle in-house equipment development 
expertise (although some work is done co-operatively with 
AGC in the electric rock driJI program) and effectively no 
contact with marine engineers . 

The University maintains c lose contact with Bedford 
Institute of Oceanography, particularly AGC: Atlantic 
Geoscience Centre staff serve on supervisory commi ttees, 
and serve as primary supervisor for some 20 per cent of the 
marine-oriented graduate students. 

Research Funding. There are three main continuing sources 
of research funding (Table 4.2) : 

i NSERC Operating and Capital Gra nts to individual 
investigators 

ii NSERC Group and Individua l Strategic Grants (Oceans), 
and previously NSERC Co-operative Grants. 

iii Department of Energy, Mines and Resources Research 
Agreements . 

In addition, there has been some industry support for 
specific projects . 

The University provides very limited non-salary funds 
(start-up funds fo r new faculty, occasionally support for new 
projects). It does support a fulltime marine technician, and a 
geophysics technic ian who does considerable marine work . 
There is no provincial government funding . 

Funding in the period J 978-80 is summarized in 
Table 4.2. 



Teaching Programs. The Department of Geology teaches a 
regula r undergraduate degree program . Thi s does not have 
an y special marine emphasis, although several advanced 
classes and one "interest class" are offered in marine geology 
and geo physics . These attrac t 5 to JO per cent of total class 
enrolments in the Department. The re la t ively small s ize of 
the Depar tm ent , and heavy undergaduate teaching loads, 
have resulted in a limited program of graduate courses . At 
any one time, a bout 40 per cent of the gradua te students in 
the Geology Department are in marine or marine-rela t ed 
fi e lds (Table 4.3) . 

Thus, there tend to be two groups of facu lt y in the 
Departm ent: those with mar ine interests who play a lesser 
role in mainline under graduate teaching, but carr y heavy 

Table 4.2. Total Marine Geoscience Researc h funding, 
I 978-80, Dalhousie University 

i!S. 
NSERC Operating 240 

NSERC Strategic 150 

Other NSERC 30 

EMR Researc h Agreements JOO 

Industr y grants 5 

Industr y contrac ts 5 

University* JO 

All figures pro-rated where funds only part ly fo r marine 
geoscience research 

* Excl uding regula r salar ies and facilities, a nd conference 
travel funds . 

Table 4.3. Graduate students in marine geoscience , 
I 975- 80, Dalhousie Universit y 

Tot a l number of students graduating I 97 5- 80: 
20 (total 22 degrees ) 

M.Sc . 55% 

Ph.D. 45% 

Fields: Geophys ics (mostly regiona l) 25% ---
Ocean crust 10%* 

Sedimentology 20% 

Quaterna r y I mi cropal eontology 30% 

Geochemistr y 15%** 

Present employment: Canadian 
industry 35% 
university (professional) 15% 
governm ent 5% 

Foreign 
industr y 5% 
universi ty (professional 10% 
government 15% 

Student or Post 
doc toral fellow 15% 

Nationality at begi nning of graduat e degree program : 
Canadian or landed immigrant 
Non-Canadian 

* Does not inc lude related studies on oceanic islands 
** Does not inc lude chemical oceanography 

55% 

30% 

35% 
65 % 

graduate student super vision loads; a nd those with land 
interest s who carr y the main undergraduate teaching 
program. This problem may be as much concerned with 
perceptions as with reality, but leads t o internal st resses. 

A new honours program in marine resource geology has 
recently been a pproved by the University Senate. Thi s 
parallels developments in several other science departments 
(e.g . Biology) in developing ma rine-or iented honours B.Sc . 
progra ms, and might eventually lead to the est abli shment of 
a B.Mar .Sc . (bac helor of marine science) degree . The geology 
program aims to give geology students a thorough basic 
science grounding in both geology a nd a reas of oceanography 
re levant to mine ra l and hydrocarbon exploration. The 
University approved t his program on the understandi ng it 
would initia lly require no additional fu nds, and the 
Depa rtm e nt plans to seek industry fundi ng and benefits from 
the spin-off from NSERC strategic grant and research 
fellowship programs . 

The Departm ent of Oceanography is a graduate 
Depa rt ment. It teaches one general int roducto ry 
undergraduate course, a nd two service undergraduate cou rses 
for Biology and Geology honours s tudents. It is under some 
pressure from othe r sectors of the Uni vers it y to t each more 
under graduate courses, probably sufficient for a n honours 
st ude nt to minor in Oceanography. (There is not any pressure 
for a n undergraduate major in Oceanography). The 
Department was, until recentl y, severe ly understaffed in 
marine geoscience (I 1/2 positions ), but has recently gai ned 
two addit ional faculty positions which are being fi ll ed . At 
present, the Department offers adequate marine geoscience 
graduate courses only in geophysics. It graduates few 
students in ma rine geoscience. 

Facilities. Shiptime is obtained t hrough Bedford Institute. 
On average, Da lhousie obtains 2-3 weeks of dedicated 
shiptime (mostl y on CSS Dawson) fo r marine geoscience work, 
a nd pe rha ps an equivalent a mount of opportunit y- basis time 
on Atlanti c Geoscience Centre (AGC) programs. Coastal 
work is carried out from rented fishing vessels, and from the 
6 m boat owned by the Depart ment of Oceanography. A 
small amount of time is a lso obtained on American a nd 
British ships . 

Avail abilit y of shiptime limits the type of research 
work carried out , but does not yet li mit the amount of 
resea rc h work time since this is "tailored" pragmatically to 
avai lable shiptime . It is not difficult to give graduate 
students shipboard experi ence through Bedford Institute of 
Oceanograph y (BIO) . More diffi c ult and costly is small boat 
experi ence, whi ch is valuable in developing ski lls needed to 
function well as senior scie nti st on a larger vessel. 

The timing of shiptime applications compared with 
acceptance a nd identification of researc h programs fo r 
graduate students leads to some confli cts . Gradua te students 
usually have to work in programs for which shiptime is pre
a rranged; shiptim e applications thus involve considerable 
guesswork on likely graduate s tudent enrollment . 

Major shipboa rd equipment is listed in Table 4.4. 
Frequently additiona l equipme nt can be bor rowed from BIO. 
Holdings of standard equipment for sedi ment mar ine geology 
a re adequate; holdings for geophysical work totally 
inadequate, and in prac tice likely to remain so because of 
cost. Standard la boratory equipment is adequat e but agei ng. 
The Aquatron seawater/tank facilities of the Depart ment of 
Oceanogra ph y a re litt le used fo r marine geoscience . The 
Jack of equipment development expertise, and the very s low 
transfer of new methodology to the University in most fields 
(largely because of cost, inertia and Jack of ski lled people) is 
a serious threat t o progress. Much closer co-operation with 
governm ent and industry (along the lines of the electr ic dri ll 
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Table 4.4. Shipboard instrumentation for 
marine geoscience, Dalhousie University 

Ai r gun, compressor, hydrophone array* 

Sparker* 

Varian magnetometer* 

Portable winch-boom system 

Two seismic re corders 

3.5 kHz profiling system 

Alpine piston corer 

50 cm 2 box corer 

Deep-sea camera 

Rock dredges 

Heat flow probe* 

Excludes equipment primarily for chem ica l or physical 
oceanography 

* Indicates more than JO years old, or obsolete. 

and seabed programs) is essential. The new SERC Strategic 
Grants provide opportunities to remed y some of these 
problems. 

Outlook. The future of marine geoscience at Dalhousie 
Uni versity is uncertain . Although there is a University 
commitment to marine geoscience, the commitment is 
inadequate in many ways. In particular, the physical plant is 
poor (the Geology Department is housed in four different 
buildings ) and salaries uncompetitive . Faculty unionization 
has split the faculty, diverted money away from promoting 
excellence, and hampered the development of a strong 
management policy to deal with many of the financial 
problems of the University . Nevertheless, the concentration 
of marine scientists and facilities in the Halifax area offsets 
these various disadvantages. 

The future of marine geoscience appears to depend 
heavily on Federal Government funding or assistance. Both 
the NSERC Strategic Grant program, and the close 
co-ope ration with AGC/BIO do provide opportunities for 
future development. The NSERC Strategic Grant funding 
effectively replaces negotiated development grants and 
oceanographic institute block funding, and, so far, appears 
much more flexible and responsive to resear c h needs than the 
previous programs. 

The Jack of graduate students and the high proportion 
of non-Canadians remains a problem. At the present time, 
this is due mainly to the high salaries offered by industry, but 
partly to a lack of awareness of marine science in much of 
Canada . There is already a shortage of trained marine 
geoscientists, and none of the new NSERC programs appears 
to be having much effect in attracti ng more graduate 
students . Industry must develop ways of ensuring adequate 
education of the people that they employ . 

Other Maritime Provinces Universit ies 

A small amount of marine geoscience research, often in 
co-operation with BIO is car r ied out at universities other 
than Dalhousie in the Maritime Provinces, mostly in fields of 
sedimentary geology and paleontology in geographically 
proximal areas . Thi s totals an average perhaps of 
0.5 professional years plus 0.5 graduate student graduated 
each year. There is a small marine geoscience component in 
most undergraduate teaching programs. 
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Newfoundland - C.R. Peters 

Memorial University of Newfoundland 

Memorial has an Ocean Engineering Research Group 
which undertakes ocean geotechnology projects amongst 
others . At present, three projects concerning marine 
geoscience are in progress, involving seven people. These are 
funded by NSERC Operating Grants and NSERC Strategic 
Grants of $60 OOO per year, plus internal fundi ng . The three 
projects are brief! y described: 

I. Ocean Sediment Properties Usi ng Acousti c Sensing. The 
main effort is to develop means to classify marine 
sediments acousticall y and to extract geophysical and 
geotechnical properties based on data t aken in Placentia 
Bay . 

2. Identifi ca tion of Subsurface Layering by Acoustica l and 
Signal Processing Techniques. This work is concerned 
with determination of geometry of su bsurface sediment 
layers and rock strata . A multipl e reflection model is 
being used. 

3. Impac t Penetrometer. A penetrometer has been designed 
a nd tested at sea in depths to I 00 m. Correlation of the 
penetrometer data with standa rd soil properties is 
conti nuin g . 

UNIVERSITIES - THE NEXT DECADE - D.J .W. Piper 

On January 24- 25, 1981, there was a workshop in 
Ottawa on "The Next Decade of Earth Science in Canadian 
Universites", organized by the Committee of Chairmen of 
Earth Science Departments, and assisted by NSERC. A 
mar ine geoscience subgroup was created of seven members 
representing all marine scientists eligible to receive grants 
through the Earth Science Grant Selection Committee (and 
thus included physical and chemical oceanographers). This 
subgroup prepared a report, based on their own views, written 
or telephoned submissions from about fifteen other marine 
scientist s, and the oral presentations of six marine scientists 
who were involved in other subgrou ps. An edited version of 
thi s report is presented below, highlighting principal conce rns 
and recommendations. 

The group asked two main questions: what types of 
science should we do in the next decade?; and what will 
prevent us from doing this science? 

I. What science? 

The group identified some common threads to the 
specific research proposed by individual sc ientists. 

a. In areas which have been intensively investigated in the 
last decade, we have progressed from answering scientific 
questions by basic desc ription to wanting to understand 
the fine scale processes and must soon think of passing to 
the predictive stage. For example: what will the ice 
cover in the Gulf of St. Lawrence be next February?; can 
we design experiments to determine how sediment is 
transported under parti cular conditions in the surf zone?; 
what is the role of benthic organisms in the vertical 
transport of dissolved and particulate organi c matter in 
surficial sediment? 

b . In other a reas, major scientific problems can be solved 
just by finding out better what is there . How does water 
flow through newly formed oceanic crust? What is layer 3 
of the oceanic c rust? What erosive processes lead to fine 
scale dissection of the cont inental slope? Can we use 
remote sensing with satellites to predict ocean 
circulation? 



c. We are best situated to answer cert ain types of scientific 
problems that have a strong Canadian content. For 
example sea ice dynamics; continent ocean transform 
margins; ase ismic subduction; iceberg scour . 

d. Canada has missed great opportunities by not 
participating in the largest co-operative geoscientific 
program of the past decade, the DSDP-JPOD. The 
continuation of this project will again be the largest 
international geoscientific project of the next decade. It 
carries great scientific and technological potential for 
Canada for a small share of the total coast . 

2. Why can't we do it? 

a) Access to ships 

The group believed present access to ships is 
inadequate. This is partly because there are not enough 
Canadian ships, and partly because ships are operated by 
government departments, and as one participant put it, 
universities are at the bottom of the totem pole . Both 
present and past grant proposals have been tailored to this 
lack of suitable shiptime, and by and large university 
scientists don't ask for more because they are told that they 
will not get any more, and that they do themselves harm by 
appearing greedy. 

Although the group was concerned with the total 
amount of time made available to universities, more serious 
is the time of year and geographic distribution of the 
shiptime. It is virtually impossible to do research <equiring 
repeated visits to one area unless it is within 200 km of a 
major port. Thus university students cannot look at time
dependent or seasonal problems which require frequent 
sampling, or at deep ocean problems . For many geological 
seafloor problems one first collects and interprets data, and 
then identifies what additional information is necessary to 
solve the problem. This requires going back again to the 
same area . Collaboration with government laboratories is 
essential for carrying out such projects. There is also a clear 
lack of research ship capable of operating in heavy ice 
conditions. Thus there are amost no winter ocean 
observations off the Labrador coast. 

It seemed to the group that it was impractical for 
NSERC to put large sums of money into the Oceans Strategic 
Grants Program without some regard to shiptime to service 
this program. The group recommended that NSERC should 
press for an accelerated research shipbuilding program, and 
that NSERC seek formal representation on bodies responsible 
for the allocation of shiptime. 

b) Access to deep-drilling capability 

The problems to be addressed by future deep marine 
drilling are of prime scientific importance and will impact a 
large cross-sec tion of the geoscience community . The group 
thus recommended that NSERC support the attempts by the 
Canadian Geoscience Council and others to negotiate 
Canadian participation in !POD, and agree to contribute an 
appropriate proportion of the costs . 

c) Access to state-of-the-art equipment 

Field equipment, especiall y that dragged through water 
or left at the bottom of the sea, is expensive, needs a lot of 
maintenance, and is easily lost or damaged, usually through 
no fault of the researcher. Fear of equipment loss inhibits 
curiosity-motivated science . 

University scientists cannot do much of their science 
without access to expensive equipment: multichannel 
seismic, deep tow, seabeam, deepwater submersible, Huntec 
etc. However, universities cannot use such systems for more 
than 10 or 20 per cent of the year, and maintenance and 
technical support is very expensive. Government agencies 
and industry a lso need such equipment . The group therefore 

recommended that NSERC develop co-operative arrange
ments with government agencies to contribute to the capital 
cost of major sea going equipment (more than $JOOK) in 
exchange for guaranteed university priority use of such 
equipment for part of the year. 

The group also recommended that NSERC adopt the 
policy of the DFG (Deutsche Forschungsgemeinschaft) and 
automatically and immediately replace NSERC funded field 
equipment lost or damaged in the field (with some provision 
on liability if there is gross neglect, or for equipment over 
$1 million) . 

d) Human Resources 

Equipment is becoming increasingly sophisticated; it 
generates more and more data, and it operates in a harsh 
environment. Highly qualified technicians are essential to 
develop, operate and maintain suc h equipment. University 
support for research technicians was always at a very low 
level and has now almost dwindled away. Operating grants 
are too small to support technicians, and provide no job 
security for highly qualified people. If equipment is funded, a 
way to maintain and operate it through technicians must also 
be funded. 

The numbers of professional marine geoscientists within 
the universities needs to be maintained or expanded. This 
may require competitive salaries and fringe benefits for post
doctorates, research fellows and even full time fa c ulty. Not 
enough marine scientists are produced in Canada and 
Canadian universities are unable to attrac t many good people 
on the international market, because shiptime and research 
funds are not competitive. 

Editor's Addendum 

In addition to the above report of the Marine 
Geoscience Subgroup, a summary of the overall conference, 
presented to the Canadian Geoscience Council by W .S. Fyfe 
in March, 1981, incl udes the following excerpts of interest to 
marine geoscience: 

"There was also wide support for 
developments in the study of the continental 
margin, either by joining the International 
Program of Ocean Drilling (!POD) and the Ocean 
Margin Drilling Program (OMDP) or by ship 
development for ice-bound waters. It was agreed 
that NSERC and the universities will require 
co-operation with the entire Earth Science 
community to fund such projects and that the 
Geoscience Council should initiate such 
developments." 

"A proposla was the funding of an ocean
going drilling ship with ice-breaking capability. 
Such a facility would be very expensive, but would 
be particularly valuable to Canada, with its 
extensive ice-bound coastal waters. It would 
complement the U.S. drilling ships, and could be 
used as a bargaining point to gai n access to the 
projected U.S. Ocean Margin Drilling Project. In 
this way we could expect OMDP to drill off 
southern Canadian continental margins to a 
greater extent than it is presently scheduled to 
do ." 

"It was generally agreed that expensive 
equipment and special facilities (both machines 
and talent) . .. must be placed on mechanisms to 
make them available to the entire community. 

It was generall y agreed that present NSERC 
funding (for sciences gener a ll y) is about 50% 
below the required level for productive and 
efficient science. In addition, special funds are 
needed for specific problems such as field 
research in areas where logisti c support is very 
expensive." 



5. INDUSTRY 

The ten papers in this section focus on industry . The 
authors are from a wide range of industries and from 
government . The sect ion is dominated by the petroleum 
industry, although insight is also provided into more general 
contract ing as well as mining and dredging. 

Industry and government interface in the area of 
"contracting out" through the Department of Supply a nd 
Servi ces (DSS). This Department operates on behalf of a ll 
other federal agencies either by request fo r indust r y 
involvement or in response to unsolicited proposals fro m 
industry . A review of the DSS figures fo r the first ten 
months of 1980 suggests certain relationships. At present 
about $2 mi lli on, or rough ly JO per cent of t he tot al federal 
budget for marine geoscience, is contracted out through DSS 
research and development co ntracts : 80 per cent through 
DFO a nd EMR; 15 per cent DOE; a nd 5 per cent DND. Of 
this $2 million, over 95 per cent went to industry and 5 pe r 
cent to universities . DSS is therefore a major source of 
governme nt research f un ding for industry . Jn the t en months, 
DSS gave out 71 contracts . Ten contracts represented 50 per 
cent of the dispersed funds and these were from DFO, EMR 
and DND in the area of instrumentation. These contracts had 
an average value of $100 OOO. For the remaining bulk of the 
DSS contracts , the average value was onl y $15 OOO . Six a reas 
of work each represented 5 to l 0 per cent of these DSS 
contracts (i .e . $0.l M to $0 .2 M) a nd are in decreasing order : 
dumping and dredgin g, t raining, ice scour, and paleontology. 
Of the 50 per cent of the DSS contrac ts which went into 
instrumentation-related work (i .e . $1 M), about 85 per cent 
went to projects undertaken by a single organization . 

It should be noted that, excluding instrumentation, a 
significant but unidentified proporti on of the work is in 
analysis (e .g. geochemistry, sedimentology ). Such work is 
supportive to government resear c h but in itself does not 
represent resear ch a nd development which industr y is 
carr ying out, and does not represent a transfer of research 
and development capaci ty to industr y. 

As to the futu re outlook for indus trial work in Cana da, 
some indication of the magnitude of offshore projects 
scheduled for the next decade is given by the size of capita! 
requirements of th ree of the projects given by the Canadia n 
Counci l of Professional Engineers in "Engi neerin g and 
Manpower Requirements, 1980-2000, For Major Energy
Related Projects in Canada" (October, 1980). Nova Scoti a 
tidal power development is estim ated to require in the order 
of $6.5 billion by 1998 . Hi bernia will require $30 billi on by 
1998 . All of these projects de pend hea vily on marine 
geoscience and geotechnical engineering skill s. 

In the lead paper in this section , K.P . Appleton of Gulf 
Canada Limited, outl ines industr y offshore explora tion 
expenditu res and the development of the indus tr y over the 
past two decades in a dozen explora tion theatres each 
presenting special geoscientifi c problems . Of a total 
expenditure of th ree billion doll a rs , near ly one billion has 
been spent in the Beaufort Sea . The Scotian Shelf, Grand 
Banks and Labrador joint ly equal that expendi ture while the 
expenditu res in the re mai ning eight theatres tot a l only one
third that in the Beaufort Sea . 

A perspective for geoscience might be ga ined from the 
huge cost of drilli ng. The total expenditu re of the Federal 
Government in mari ne geoscience as outlined by M.J. Keen is 
in the order of $16 million per year or about one-quarte r the 
cost of a si ngl e wel l from a dri ll ship in the Beaufort Sea . 
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Indust r y expendit ures are la rgely di rec ted at si te selection, 
detai led informat ion collection a nd technical problem 
solution . Con ve rsel y, on limited budgets, governm ent 
e ngages in a number of quali ty scientifi c endeavours 
providing data on a regiona l framework whi le uni versit ies 
dominate research on marine processes. It is seldom 
accom pli shed , but the earl y integratio n of activit ies and 
informa tion gained by each sector would benefit al l. 

"Canadian Geophys ical Activit y" by M. Roth of 
Geophysica l Servi ce Inc . is a contractor's account of the 
marine geophys ical activity area-by-area fo r the past two 
decades . The paper relates geophysical survey activity to 
highlights in drillin g and othe r facto rs drawing heavily on oil 
indust ry publi cations. Un li ke most of this report , the names 
of contractors, boats and operators have been left in the 
text . The graphs of statistics presented for each area 
provide a ready base for time-and-act ivity comparisons . It 
should be noted that there was generall y st rong activity in 
the first half of the 1970s and greatl y reduced activi t y in the 
second half. Onl y in the Beaufo rt Sea has the same level of 
activity been agai n achieved . Roth presents his views of the 
causes for these trends . 

Throughout this status report the rela ti onship between 
the marine geosciences and petroleum explorat ion a nd 
development is omnipresent. Meneley a nd Rayer of 
Petro-Canada provide keen insight into this relationship in 
their paper, "The Role of Marine Geos cience in Petroleum 
Exploration and Development, 1980- 2000" . Inc reased 
activity in seismi c a nd drilling caused demands not only in 
capital but also in personnel. Teams com prising geologists, 
geophysicists, oceanographers, geochem ists and geotechnical 
e ngi neers will be required to solve problems of produc tion, 
tra nsport ation, pipeli ning, support systems and envi ronment 
protection. Parti cular problems of seaf loor stability a nd 
protection from ice, unique to Arctic waters, must be 
understood and conque red . Meneley a nd Rayer closely re late 
the development of ma rine geosciences in Canada for t he 
next two decades to needs generated by Canadian offshore 
resource development. 

Two sister papers on nonpetroleum mineral resou rces in 
the offshore are presented to D. Pasho . In "Minin g a nd 
Dredgi ng" Pasho gives the purpose and status of operations 
for the vari ous regions. Jn "Minerals" he provides a n out look 
for future development of offshore mineral resou rces . The 
requireme nt for const ruct ional materials is signifi cant wi th 
respect to certai n projects but the outlook for production of 
other nonpetroleum mineral resources appears to be s low a nd 
somewhat distant . 

Areas of specialization and involvement in marine 
geoscience by contrac tin g a nd consultin g organizations a re 
ext re mel y diverse . "The Airborne Geophysics In dustr y" by 
N.R. Paterson of Paterson, Grant, Watson Ltd . out lines the 
nature of the industry in Canada with both past activit y and 
f uture outlook, including the sign ifi cance of t echni cal 
developments . The pas t offshore operat ions a re re viewed by 
re gions both fo r petroleum and meta lli c resources. Paterson 
expresses the belief tha t these tools often used in the past 
for ea rl y exploration reconnaissance , could substanti a ll y a id 
in c urrent explor a tion wi th the present ref inement in 

techniques . 

In a brief paper, "Engineer in g a nd Design", J .!. C la r k 
calls fo r the federal effort in research and development to 
inc lude a system of a rch iving data fr om all geosciences into a 
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format to provide ready input for geotechnological 
requirements foreseen in the next decade. An important 
reference for this paper is the recent report of the Task 
Force on Marine Geotechnology in Canada to the RC 
Associate Committee on Geotechnical Resear ch. 

Two other papers give some insight into the effort and 
outlook for consulting and contracti ng in genera l. Clark, 
president of Golder Associates (Western Canada) Ltd., 
summarizes the marine content of a recent inventor y of 
Canadian research and development capabilities for 
engineering in cold regions and finds our present level of 
resear ch and development is extremely small. Meanwhile, 
R. MacDonald of Vancouver discussing contracting and 
consulting on the West Coast considers that marine 
geosciences in industr y are presently in decline. Both Clar k 
and MacDonald call for increased impetus by the Federal 
Government to encourage the industry, or present companies 
may not be capable of sufficient growth to become 
significant contractors in major projects foreseen in the ne xt 
decade. 

Engineering projects scheduled for the next two 
decades a re valued in excess of $40 billion and involve a large 
component of marine geotechnical sk ill s . The magnitude of 
the new work projected can be visualized by comparing this 
figure with the $2 billion spent to date on all seismic and 
dr illing offshore . It is apparent then that these new projec ts 
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will require more professionals than Canadian industr y and 
universities can immediatel y supply. Professional talent in 
the ma rine geosciences should be nurtured both in 
universities and in industry. The projected scenario, if 
Canadians are not avai lable, is that while Canadians will get 
work, they will not be able to control the expertise. When 
the projects are over , Canada will have lost the opportunity 
to do its own work and to develop and export expertise. 

The unique Seabed Project is described by 
R .W. Hutchins. The project was initiated by Huntec and is 
referred to by sever a l contributors. It is an outstanding 
example, and one of the very few, of what can be done 
through government-univer sity-industr y liaison. The project 
is based on concepts presented in an unsolicited proposal. 

REVIEW OF DRILLING AND GEOPHYSICAL ACTIVITIE S 
AND EXPENDITURES - K.P . App leton 

Since the start of worldwide offshore exploration in 
1938, g iant reserves of hydroca rbons have been discovered on 
continental ma rgi ns. Currently one fifth of known reserves 
are in offshore fie lds a nd thi s expertise supports the 
philosophy tha t the offshore areas justify the high risk and 
huge amounts of capital expenditure required for exploration . 
Because of the escalating cost s of drilling (Grand Banks wells 
cost an average of $35 million each in 1980) most ventures 
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Figure 5.1 . Oil industry offshore seism ic and drilling costs. 
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now comprise a consortium of companies and it is doubtful if 
there will ever be a return to the days of single company 
undertakings, both because of cost and government 
involvement. Due to its preferential back- in rights, 
Petro-Canada is, in fact, now the largest individual 
landholder in the offshore areas of Canada. 

As seen in Figures 5.1 and 5.2 the Canadian offshore 
areas have been divided into three groups : 

a. The East Coast, comprising Labrador, NE Newfoundland, 
Grand Banks, Scotian Shelf, Gulf of St . Lawrence and Bay 
of Fundy . 

74 ' 66' 58' 

58' 

b. High Arctic, comprising the Beaufort Sea, Arctic Islands, 
Baffin Bay and Davis Strait. 

c . Other areas, including Hudson Bay, West Coast and the 
Great Lakes. 

Costs are shown in histogram form for both seismic and 
drilling on Figures 5.1 and 5.2, with Table 5.1 showing a 
tabulation of the figures used to construct the histograms. 

F.ast Coast 

The continental margin of eastern Canada covers a vast 
area and, if Baffin Bay is included, stretches some 5600 km 
(3500 miles) with an average width of 100-400 km 
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Table 5.1. Oil industry offshore exp loration expendi tures (thousands of doll ars ) 

BAFF IN BAY/ 
BEAUFORT SEA ARC TI C ISLANDS DAVIS STRA IT GREAT LAKES 

Year Seismi c 2 Drilling 1 Seismi c ' Drilling 3 Seismi c Dr illing Year Seismic Dr illing 

1960 91 - - - - - 1967 - 2 200 
1961 6 - - - - - 1968 - 3 400 
1965 47 - - - - - 1969 - 5 200 
1966 15 - - - - - 1970 - 4 700 
1968 2 837 - - - - - J 971 - 3 600 
1969 l 656 . - - - - 1972 - 4 OOO 
1970 7 4 18 - 432 - 139 - J973 150 4 500 
1971 4 550 - 3 693 - 3 644 - 1974 570 5 300 
1972 7 275 - 4 823 - 2 953 - 1975 - 7 200 
1973 7 953 JO 503 2 271 - 3 961 - 1976 - 8 800 
1974 9 531 13 131 4 91 l 3 188 2 606 - 1977 100 11 OOO 
1975 3 535 59 074 l 982 2 68 1 9 858 - 1978 1 OOO 13 600 
1976 3 125 J J6 955 13 274 JO 781 4 474 - J979 - 21 JOO 
1977 l 947 J33 528 2 327 4 260 9 683 - 1 820 846 OOO 
1978 2 729 3 10 2 15 - 15 289 4 772 -
1979 3 824 253 630 - 21 869 4 9 13 19 158 

6 1 539 902 086 34 713 58 068 47 013 19 J58 

SCOTIAN SHELF GRAND BANKS N.E. NEWFOUNDLA D LABRADOR 

Year Seismic Drilling Seismic Drilling Seismic Drilling Seismic Drilling 

1960 330 - - - - - - -
J 963 330 - - - - - - -

1964 950 - 22 1 - - - - -
J 965 666 - l 837 - - - - -
1966 l 426 - 747 4 9 13 - - - -
1967 44 - 5 11 5 - 158 - - -
J 968 2 739 3 7J3 3 147 - - - 908 -
1969 4 153 2 054 82 7 - - - 2 830 -
J970 6 845 20 945 2 340 - - - 747 -
J97l 4 673 28 052 7 4J2 14 153 338 - 2 l J4 6 524 
1972 4 162 24 552 3 331 33 2 11 l 201 - 4 060 -
1973 2 980 23 838 3 549 38 025 2 022 - 2 J86 8 405 
J974 393 24 916 J 108 23 931 l 140 9 5J5 2 42 1 13 167 
1975 298 7 593 528 8 464 3 839 7 3 12 4 136 36 292 
J976 979 20 346 268 - 2 J 74 - 2 913 37 394 
1977 4J4 8 838 6 JO - l 209 - 3 653 -
1978 799 47 909 432 - 450 - 3 880 28 643 
1979 I J4 J J5 OOO 4 150 39 OOO 50 8 OOO 944 42 OOO 
1980 3 3 JO J5 OOO J6 250 11 0 OOO 96 - 5 850 60 OOO 

36 632 242 753 51 862 271 697 12 678 24 827 36 642 232 425 

WEST COAST GU LF OF ST . LAWRENCE BAY OF FUNDY HUDSON BAY 

Year Seism ic Dr illing Year Seismic Drilling Year Seismic Dr illing Year Seismic Dr illing 

J959 J92 - 1967 I 437 - 1969 29 1 - J965 J 335 -
1962 41 - J968 2 290 - 1975 - 3 600 J968 l 881 -
J 963 630 - 1969 312 - J980 700 - J969 - 6 987 5 

1964 324 -.. J970 l J03 5 83 J 99 J 3 600 J971 J 708 -
J 965 523 - 1971 I 625 - 1973 2 905 -
J 966 304 - 1972 398 - J97 4 3 507 J5 052 
1967 272 7 024 J973 694 6 789 J9 75 2 369 -
J 968 I 262 9 290 J974 J 5 J9 2 568 J3 705 22 039 
J 969 592 4 336 J980 J 800 J5 OOO 
J97J J 084 - J l 178 30 J88 
J972 70 1 -
J974 57 1 -

6 496 20 650 

1 lnc ludes man-made island well s a nd offshore wells 'Marine se ismic only 
2 Inc ludes geo logy and researc h programs 5Stratigraphic t ests onsho re 
3 Ice-is land wells only 
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(250 miles). This is an enor mous area to test sa tisfactoril y 
a nd the present number of wells at over 150, just scratches 
the surface . A comparison should be made with the 43 OOO 
wells drilled onshore in the Western Canada Basin and the 800 
or more wells in the North Sea. The East Coast has l well 
per 5200 km 2 (2000 square miles) of prospective a rea 
compared with the North Sea at l well per 130 km 2 

(50 square miles). 

Exploration on the East Coast st a rted in 1960 with 
speculative reconnai ssance seism ic surve ys and gravit y and 
magnetics . This was followed by more detailed oil company 
seismic sur veys and drilling on the Scotian Shelf and Grand 
Banks. Although the single company ventu res had littl e 
success, expenditures built up graduall y to a peak in 1973 at 
which time most compani es diverted their explorat ion funds 
away from the frontier areas causing a decli ne in acti vity 
until 1978 in all but the Grand Banks and Labrador Shelf. In 
these latter a reas activi t y continued until 1977 when a halt 
came due to a jurisdictional dispute between the Federal and 
Newfoundland governments . Drilling resumed in 1978 after 
Newfoundland issued provincial permits. 

The C rown Corporation, Petro-Canada, entered the 
scene in 1976 a nd invested $85 million in "farm in" deal s for 
explo ration on the Scotian Shelf (70 per cent of the industr y 
total) . This involvement helped pick up the exploration pace 
again on the Scotian Shelf but the bi g incentive for indust r y 
in a ll frontier areas was the introduction of Frontier 
Exploration Allowance (Super Depletion) in 1978 by the 
Federal Government, which provided compa nies with a n 
additional two-thirds of cost tax write off of a ll drilling costs 
in excess of $5 million. This gene rated a surge in exploration 
of t he offshore areas until March, 1980 when 'super depletion' 
expired. The discovery of the Hiberni a fie ld on the Grand 
Banks of Newfoundland has to some extent, offset thi s lack 
of tax incentive and in 1980 over 40 OOO km of se ismi c lines 
have been shot, which is 200 per cent over the average for 
the past four years. It remains to be seen if current 
incentives a nd future discoveries will offset the escalating 
costs of drilling and the lack of clear government legislation 
and fro nti er production pricing to maintai n a high exploration 
effort. 

Scotian Shelf 

The Scotian Shelf as a whole has proved rathe r 
disappointing . The first seismic sur vey was shot in 1960, with 
the first well being drilled in 1968. This well cost on! y 
$3 mi llion since it used Sable Island as a natura l platform. 
From 1969 to 1976 one company drilled near ly 25 wells for 
over $100 million a ll a long the Scotian Shelf with only two 
small gas shows. 

The Sable Island area showed more promise with a well 
in 197 1 on the west end of the island which evoked the 
lar gest headlines in the Halifax Herald si nce the end of World 
War II - "IT'S OIL" . The discovery was short Ii ved and, along 
with another 3 gas dis coveries and I oil discovery in the Sable 
Island a rea found by subsequent drilling (costing aro und 
$25 million per year until 197 5), proved to have problems 
with reservoi r size and continuity. Appraisal wells have been 
drilled in the Sable Is land area with an expenditure of around 
$15 million per year for the last two years using both jack up 
and se misubmersible rigs. It is not yet known whether an 
affirmati ve development decision will be made in the nea r 
future. If development proceeds, production faci lities will 
probably cost over $1 billion. 

No money has been spent on the eastern extension of 
the Scotian Shelf into the Lau rentian fan area due to the 
moratorium imposed on exploration until boundaries have 
been settled with the French islands of St. Pierre and 
Miquelon . 
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Grand Banks and Nort heast Newfoundla nd 

Exploration in the southern Grand Banks started in 
1964. A well was drilled in 1966 for $5 million and then, 
after 25 unsuccessful wells had been drilled to 1974, 
exploration stopped . The northern Grand Banks and northeast 
Newfoundland nearly went the same way . The first well was 
drilled in 1972, but after 11 unsuccessful wells at a cost of 
over $100 million, drilling tapered off. In 1979 a four
company consortium together wit h Petro- Canada (who 
acquir ed a n inte rest through preferential ri ghts) drilled the 
Hiberni a P-15 discovery well. This large discover y 
drastically changed the activity in the area a nd has led to a 
seismi c expenditure of $16 million for 1980 a lone, including 
over $5 million for a three-dimensional grid survey, a nd 
drilling ex pendit ures of over $100 mill ion for the same year 
usi ng three semisubmersible ri gs. Each well cu rrently costs 
$30-$50 million. 

Labrador Shelf 

The first well was drill ed on the Labrador Shelf in 1971, 
some four years after the first seismic su rvey was shot. The 
number of wells reac hed 15 by 1977 at which time dr illing 
stopped due to uncertainties caused by the 
Newfoundland/Federal Government jur isdictiona l dispute . 
Drilling resumed in 1978 with Petro-Canada becom ing 
operator in 1979. 

The Labrador Shelf is hampered by what is possibly the 
most hostile exploration environment in the world with a 
drilling season averagi ng only 90 days. There have been 
5 noncommercial discovery wells, indicating that it is an a rea 
of good hydrocarbon potential. Industr y expenditures have 
been over $36 million in seismic su rveys and over 
$230 million in drilling to date, and there appears to be little 
s lowdown in the effort to prove thi s to be a major gas a nd oil 
province . Well s have cost around $15-25 mil l ion each , and 
will soon escalate to $25-35 million wit h higher rig t a riffs 
and deeper pros pects. Drilling ships utilizing dynami c 
positioning are employed because of the propensity of 
icebergs to drift over the area . The latter will contribute to 
a high cost of production for hydrocarbons in "i ceberg alley" 
which the shelf is often called. 

Gulf of St. Lawrence 

The area has been explored at a low level si nce 1967 
with $11 million having been spent on se ism ic su rve ys a nd 
$30 million on drilling 7 wells with no success . Of the 
$30 million, $1 5 million was spent in 1980 on one well alone . 
It is of interest to note tha t, together with one well off 
Newfoundland, these are the only east coast wells in which 
Petro- Canada did not participate in 1980. 

Bay of Fundy 

After $291 OOO was spent on a seismic survey in 1969 
there has not been much interest shown in the area. One well 
was drilled in 197 5 at a cost of $3.6 million but did not offer 
much encouragement for further drilling. More recently, 
however, a seismic surve y of about l OOO km was shot in 1980 
a t a cost of over $700 OOO, indicati ng that there may be 
renewed interest in future exploration in the bay . 

High Arctic 

Baffin Bay/Da vis Strai t 

Although over $47 million has been spent in geophysical 
exploration onl y two wells have been drilled in the area . One 
well di scovered hydrocarbons a nd although $19 million was 
spe nt on dr illing in 1979, another $45 million was spent to 



reach the projected total depth in 1980. Exploration in the 
area is slow, not due to lack of potential, but due to logistical 
and environmental problems. Environmental studies are 
currently being carried out by industry at a cost of 
$13 mil li on in northern Baffin Bay. 

Until the recent discovery on the Canadian side of 
Davis St rait there had been 5 unsuccessful wells drilled on 
the Greenland side which did not encourage further drilling. 

Arctic Islands 

Exploration was at a relatively low level in the late 
sixties and early seventies until the formation of the Arctic 
Islands Offshore Group which boosted seismic surveyi ng (both 
ice and marine) from under 1500 km per year to over 8000 km 
per year from 1974 to 1976, with a maximum expenditure of 
$13 million in 1976. Since that time the new I y formed Arct ic 
Islands Exploration Group (AIEG) has kept one or two crews 
employed each year shooting an average of about 1500 km 
per year over specific prospects . 

Drilling costs in the inter-island seaways are the lowest 
of the frontier a reas as land tec hniques may be used on the 
ice with the addition of submarine blowout prevention 
equipment . F rom 1974 to 1979, $58 mi lli on has been spent on 
drilling some 13 wells from the ice . Three more wells are to 
be completed in 1980 wit h a total drilling depth of 5.5 km 
(compared wit h 7 km from three wel ls in 1979). Member 
com panies of the AIEG are currently a llocating as much as 
10 per cent of their budgets to seismic expenditures, the rest 
being for dr illing and interpretation . 

Beaufort Sea 

After ini ti al magnetic, gravity and seismic surveys of a 
reconnaissance nature in the ear ly and mid sixties, mor e 
detailed seismi c surveys were shot in the late sixties wit h 
dri lling activity following from man-made islands in shallow 
areas of the Beaufort Sea in 1973. The use of man-made 
islands is extending into deeper water as technology 
improves, but dri ll ships have been used in deeper water since 
the mid seventies . Over 30 we ll s have been drilled to date, 
about half from drillships and half from artificial is lands, 
with encouraging results. 

The Beaufort Sea is by far the most expensive frontier 
area in which to dri ll and as such consumes from 40-100 per 
cent of participating companies' budgets. The average cost 
of a well from a drillship is around $60 mi lli on (which exceeds 
the tota l west ern Canada budget of most oi l companies) a nd 
to date over $1 bi lli on has been spent on drilling, together 
with about $70 million on seism ic surveys. 

Other Areas 

West Coast 

Interest has centred around the Queen Charlotte Basin 
between the Queen Charlotte Is lands and the mai nland , a nd 
the Tofino Basin immediately west of Vancouver Island . 
Magneti c , gravity, seismic reflection and seismic refraction 
surveys were carried out between 1959 and 1974 for a cost of 
$6.5 million. Int e rest has waned in the area after 14 wells 
were drilled by a si ngle company in both basins between May, 
1967 and May, 1969 costi ng over $20 million. Oil a nd gas 
shows were encountered but no commercial accumulations 
were found. 

Hudson Bay 

The fi rst seismic survey was shot in 1965 which, 
together with gravity and magnetic surveys, prompted 
stratigraphic test wells to be dri ll ed on the southwestern 

shore of the bay . Five wells were drilled at a cost of 
$7 million in 1965. The one show of oi l and gas and the 
general similarity of this basin to the Michigan Basin 
generated enthusiasm although the lack of structural traps 
and the fact that reserves would have to be greater than in 
Michigan fo r offshore production were recognized . 

Between 1971 a nd 1974 a group of six oil companies 
known as the "Hudson Bay Group" drilled 3 wells in the bay . 
In 1971, the fi rst well ran into problems due to bad weather 
(weather is sim il a r to the Labrador Shelf) which necessitated 
the use of a speciall y build semisubmersible fo r the fol lowing 
2 well s in 1974 . The results of these wells caused the group 
to abandon the play after having spent over $20 million, 
$15 million of which was for drilling . 

In 1980, at the request of an oil company, the 
government offered 4 parcels, each of over 7 million 
hectares, fo r lease but received no offers. Many companies 
fee l that reserves would be too small to be economically 
viable for offshore production even though existi ng pipelines 
a nd lack of icebergs give it an advantage over the Labrador 
Shelf. Also, governm e nt requirements of a commitment of 
over $60 million for a five year permit includi ng 2 well s are 
thought, by many, to be excessive . It is of interest to note 
that any production in Hudson Bay could well involve the 
governments of Manitoba, Ontario and Quebec in 
jurisdic tional claims . 

The Great Lakes 

Exploration and produc tion in the Great Lakes is 
virtuall y confined to Lake Erie . There are over 1 million 
hectares under disposition which constitute most of the lake's 
Canadian waters . Although there are near ly ten operators 
using both f loating and jack-up rigs, most of the ri ghts a re 
under li cence or lease from the Onta ri o Ministry of Natural 
Resources to only two compani es, neither of which would be 
considered a major oi l company. 

Drilling in Lake Erie started about 30 years ago with 
over 50 wells having been dr illed by 1955. Table 5.1 and 
Figu re 5.1 show activity since 1967, at which time there were 
already 500 wells in the lake . Because of the maturity of 
exploration, only a small percentage of costs is devoted to 
seismic surveys, although $1 million was spent for marine 
seismic surveys in 1978. Drilling costs have escalated 
primarily due to inflation and the number of wells and feet 
dri ll ed per year have increased only gradually over the last 
decade (200 OOO feet in 1979 compared with 100 OOO feet in 
1969). As actual expenditur es were unava ilable, drilling costs 
in Table 5.1 and Figure 5.1 have been estimated by using the 
figures fo r 1980 of $130 per foot and $90 per foot fo r floati ng 
and jack-up rigs, respectively, a nd deflating these figures 
back to 1967. Seismic costs were calculated similarly using 
present costs of $850 per mile for seismic shooting in 
addition to $450 per mile for data processing. 

The re have now been about 1200 well s drilJed in Lake 
Erie with production being mostly gas for the Ontario 
market . 

CANADIAN GEOPHYSICAL ACTIVITY - M. Roth 

Northern Canada 

Introduction 

The history of marine geophysical exploration in the 
Canadian North is a fascinati ng scenar io, influenced by many 
factors. The original exploration catalyst was an 
announcement on Jui y 18, 1968 that a major oi l a nd gas 
discover y had been made on the Arctic Slope of Alaska at 
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Table 5.2. Geophysical activity (actual ki lometres of reflection and refraction) 

Year 

1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 

80 

70 

60 

x 50 
[f) 
w 
g: 40 
w 
~ s 30 
::;:: 

20 

10 

Beaufort 
Sea 

3 970 
l 652 
3 600 
4 332 
6 625 
7 412 
2 776 
4 135 
4 515 
4 669 
5 747 

km 
km 
km 
km 
km 
km 
km 
km 
km 
km 
km 

8 056 km 
10 748 (est.) 

Arctic 
Archipelago 

9 903 km 
4 177 km 
6 388 km 
8 061 km 
6 697 km 
5 380 km 
2 151 km 
3 410 km 

1 548 (est .) 

Baffin Bay/ 
Davis Strait 

7 739 km 
11 835 km 
17 834 km 

8 167 km 
14 638 km 

7 879 km 
4 130 km 
6 896 km 
7 110 km 
l 502 (est.) 
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Figure 5.3. Geophysical activity, Beaufort Sea (actual 
kilom etres of r eflect ion and refraction) 1968-80. 

Prudhoe Bay . Subsequent visions of a petroleum "El Dorado" 
precipitated a major exploration effort that has continued to 
the present day . 

Seismic activities in this region are governed by a 
complex collection of tec hnological, environmental, 
economic, social and political influences . In the context of 
this paper it will not be possible to delve into these facto rs, 
however , the interested reader should ref er to the Science 
Council of Canada Background Study No. 34 . 

What will be discussed in this paper are the who, what, 
where, when and why of marine geophysical contract in g in 
the north. Due to strik ingly different conditions, the 
northern region will be divided into three exploration 
provinces: the Beaufort Sea (including Mackenzie Bay), the 
Arctic Archipelago and Baffin Bay/Davis Strait. (Although 
included with the statistics, ice shooti ng and shallow water 
operations will not be considered in this disc ussion .) 
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West Coast Lake Erie 
Hudson Bay/ 

Hudson Strait East Coast 

322 km 
113 km 406 km 

420 km 
l 752 km 1 448 km 
2 253 km 13 497 km 
9 828 km 6 598 km 15 584 km 
1 458 km 9 282 km 

24 622 km 
4 749 km 2 594 km 

2 026 km 
5 558 km 29 611 km 

2 047 km 

2 704 km 
2 847 km 

959 km 
536 km 

1 93 1 km 

044 km 

543 km 
421 (est.) 

The S.S. Manhattan 

5 483 
5 859 

5 272 
8 853 
5 751 

34 270 km 
km 45 923 km 
km 78 122 km 

70 394 km 
km 64 693 km 
km 33 564 km 
km 29 716 km 

15 671 km 
14 814 km 
13 205 km 
9 269 km 

30 163 (est.) 

In response to the discovery at Prudhoe Bay, Humble 
Oil Company embarked on a feasibilit y st ud y for transporting 
petroleum by tanker . In 1969 the 150 OOO ton reinforced 
tanker S.S. Manhattan, traversed the Nor thwest Passage, 
accompanied by the Canadian Government icebreaker 
Sir John A. MacDonald. 

Whi le Prudhoe Bay turned the oil industry's eyes 
northward, the journey of the Manhattan was to do the same 
for the Canadian public a nd government. Claiming that the 
Northwest Passage was "open sea", Humble attempted to 
prove that the journey could be made without entering 
Canada's three-mile territorial limit. To their misfortune, 
M'Clure Strait was no more hospitable to the Manhattan than 
to the Investigator 117 years previous. 

The importance of this event to the discussion at hand 
is the quick response of the Canadian Government to assert 
its sovereignt y over the Arc ti c Is lands and passages. On 
April 8, 1970 the Arctic Waters Pollution Prevention Act was 
introduced to the House of Commons and passed unanimously . 
Furthermore, the th ree-mi le territorial sea and nine-mile 
exclusive fishing zone was replaced by an outright c laim to a 
twelve-mile territorial sea. This legislation laid the 
regulato ry foundations for subsequent rules li miting areas of 
operation, type of seismic sources, and the like. 

Beaufort Sea 

The first marine survey in the Arctic was conducted 
durin g the summer of 1960 by Accurate Exploration Ltd . 
using converted !anding crafts and local schooners. This 
operation consisted of roughly 450 kilometres per year unti l 
a nd including 1964. However, full-scale exploration did not 
commence unti l 1968 (Table 5.2; Fig. 5.3), when Digicon's 
M V Pacific Seal , Dresser Olympic's Campectie Seal a nd the 
Geophysical Services Incorporated (GS!) M V Grebe combi ned 
to shoot 3970 kilometres of reflection seismic. The following 
year Pall ister and Associates (Kenting) initiated its 
Arcticquest su bscription program, employing GSI's M V Grebe 
while Digicon once agai n returned with the M V Pacific Seal. 



In 1970 the Arcticquest survey was completed with the 
M V Theron, while GS! returned once again with the 
M V Grebe and Di gicon as well as Olympic also made 
appeara nces with , respecti vely, the M V Foja D'Oro and 
M V American Olympic. The foll owing year , however, most 
of the contractors deserted the Beaufort, leaving onl y GS! 
and the M V Grebe. 

The fi rst of a seri es of innovative approaches to 
exploration occurred in 1972 with the introduction of the 
M V GS! Mariner , which was built in Edmonton and assembled 
at Hay River . A combination of smaller dimensions a nd 
shallow draft made this vessel well suited for operations in 
Mackenzie Bay and the Beaufort Sea. 

Another innovation which made its debut in 1972 was 
Pan Canadian Petroleum's utilization of an SRN-6 air-cushion 
vehicle in the western fringes of the Mackenzie delta. 
However, the stop-and- go method of shooting resulted in a n 
average production of approximately 13 kilometres per day, 
insufficient to justify a continuation of operations the 
followi ng year. 

In 1973 GS! was the sole operator in the Beaufort Sea, 
with the M V GSI Mariner completing the bulk of the 
program . Also contributing to the season total was a GS! 
experi ment a l adventure involving six jet boats off the 
southeast shore of Mackenzie Bay . Two boats were used to 
lay and retrieve geophones and sonobuoys, whi le the others 
acted as shooting, recordi ng and survey vessels, with one 
spare boat bei ng kept a t the base camp. Unfortuna~e l y the 
high winds in the Beaufort severe ly hindered opera tions so 
that only about 480 kilometres of an anticipated 
800 kilometres of seismic were actually obtained . 

In 1974, the Toronto-based Arctic Canadian Cont inenta l 
Shelf Exploration Services Limited proposed a unique 
approach to marine seismic . The company planned to utilize 
t he Narwhal II, a 14-metre si ngle-crew a ll electri c 
submersible, in conj unction with an on-ice support c rew. 
However, the high logistical costs coupled wit h the pot ential 
danger to the submar ine crew made this operation 
impractical. Consequent ly, GS! was once agai n the sole 
contractor in the Beaufort Sea, in the most unproduct ive year 
since 1969. 

Since 1974 the total yearl y kilometres shot has shown a 
conti nua l increase, in conj unction with improved dril ling 
suc cess . Esso 's original oil and gas discovery well Adgo F - 28 
of 1974 was fo ll owed in I 976 by Netserk F-40, in I 977 by 
Nektoralik K-59 and Ukaler k C- 50, in 1978 by Ukalerk 2C-50 
and most recently by Isserk E- 27, Tars ui t A- 25 and 
Kopanoa r M- 13. 

The M V GSI Mariner remained the lone deep water 
seismic vessel in the Beaufort Sea from I 974 until August of 
I 978, when t he Esso-leased Arctic Surveyor ente red the area. 
In 1980 the M V GSI Mariner and Arctic Surveyor were joined 
by a second GS! vessel, the class 1 icebreaker 
M V Edward O. Vetter. While the M V GSI Mariner continued 
shooti ng st andard mar ine seismic fo r various clients, the 
M V Edward O. Vetter carried out the first three-dimensional 
survey in the Arctic . 

The desire to identify and delineate the size of the 
"elephant str uctures" of the Beaufort Sea will dou bt less! y 
result in a continued hi gh leve l of geophysical acti vi t y. In 
particular, the quantity of three-dimensional seismic in this 
region is anticipated to increase as companies attempt to 
determine optimal drilling locations . However , as in other 
a reas, rest ri c t ions on pipeline construc tion and t he natural 
gas export regulations have had a pernicious effect on the 
explora tion pote nt ial of the Beaufort Sea . 

Arctic Archipelago 

While Prudhoe Bay provided the general incentive fo r 
Arct ic explora tion , it was Panarctic's 1969 gas discovery at 
Drake Point on Melville Island which directed attention to 
the ar chipelago . Kenting responded in 1970 (Table 5.2; 
Fig . 5.4) by ini tiating "Polarquest", a subscription program 
utilizing the M V Theron. Polarquest was continued the 
following year with the addition of the M V Theta. Kenti ng's 
program was completed in 1972 with the M V Theron, and GS! 
continued to shoot non-exclusive survey with the 
M V Hans Egede. The level of activity increased once again 
in 1973 as Compagnie Generale de Geophysique (CGG) joined 
a GS! vessel. 

Perhaps the most exc iti ng exploration year in the 
Arcti c Islands occurred in 1974 when GSl's M S Arcti c 
Explorer a nd M V Carino combined to shoot an extensive 
survey . Duri ng the course of this program the MS Arctic 
Explorer ventured into the previousl y unnavigated c hannel 
between Melville and Prince Patri c k islands, while the 
M V Carino became the first vessel to traverse the Northwest 
Passage through M'Clu re Strait . CGG was also active in 
1974, pe rfo rming a survey with the M V Orion Arctic. 

Marine operations in subsequent years were 
characterized by a general decrease in production, as GS! was 
left as the sole operator in the a rea. 

The final year of true marine seismic in the Ar ctic 
Archipelago was 1977, as natural gas export limitations has 
t ended to da mpen exploration ent husiasm. 

Baffin Bay/Davis Strait 

Exploration of Baffi n Bay and Davis Strait commenced 
in 1971 (Table 5.2; Fig. 5.5) wi t h Kenting's "Baff inquest". 
The M V Theta and M V Theron combined to acquir e in excess 
of 2400 ki lometres of ref lection seism ic fo r t he program, 
while a lso performing exclusive surveys fo r Shell and Gulf. 
CGG also made an appearance in the region, with the 
M V Orion Arctic, conducting operations for Aquitaine. GS! 
entered the a rea the same year with the M VJ E Jonsson. 
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Figure 5.4. Geophysical activity, Arct ic Archipelago 
(actual kilometres of ref l ection and ref raction) 1970-80. 
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Figure 5.5 . Geophysical activity, &iffin &iy/ Davis Strait 
(actual kilometres of r efl ect ion and r efraction) 1971-80. 
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Activities in this area peaked in 1973 when GSI's 
M V Hans Egede and M VJ E Jonsson combi ned with Petty
Ray's M V American Robra y II , CGG's M V Orion Arctic and 
M V Andromede to collect 17 834 seismic ki lometres . 
Operations slumped in 1974, when only GSJ's M V Carino and 
M S Arctic Explorer, as well as CGG's M V Orion Arctic were 
active. There was, however, a considerabl e resurgence the 
following year, when CGG's M V Polar Bjoern and the GSJ 
staffed M V Indian Seal made their debut. 

Since 197 5 there has been a considerable downward 
trend in kilometres collected and, when CGG abandoned the 
area in 1976, GSI was left as the sole contractor. In 
subsequent years GSI was joined by Petty-Ray, for an Esso 
program in 1977, and by the Esso vessels R V Kirsten Bravo 
and R V Olga Bravo in 1978 and 1979, respectively. 

Marine seismic reached its lowest point in 1980 when 
onl y GSJ's MS Arctic Explorer was active, accumulating a 
total of an estimated 1502 kilometres. The volume of 
activity is like! y to inc rease somewhat in 1981; however, no 
large scale exploration programs are to be expec ted unti l the 
southern basins are more fully evaluated or drilling results in 
Davis Strait or Lancaster Sound lend encouragement. 

Western Canada 

Introduction 

The first large scale marine exploration program in 
Canada was performed offshore of British Columbia in 1959. 
However, due to a government imposed moratorium no 
exploration has been conducted si nce 1974 . This paper will 
deal with west coast exploration in the past, as well as its 
future prospects. 

West Coast 

Seismic exploration offshore of British Columbia 
commenced in 1959 (Table 5.2; Fig. 5.6), in response to 
prev ious dis coveries along the Pac ific Margin of California. 
This original survey was performed by Western Geophysical 
Com pany and Geophysical Service Inc. for Richfield Oil 
Corporation, in the Hecate Strait. An upsurge in marine 
exploration commenced in 1962 when Shell mounted a large 
scale seismic investigation . 

Following interpretation of data, Shell embarked on an 
extensive drilling venture in 1967 . This two year program 
was concentrated in Hecate Strait and Queen Charlotte 
Sound, as well as along the western fringes of Vancouver 
Island. Fourteen wells were drilled in total by Shell, all of 
which were dry, prompting the company to abandon the west 
coast for other areas. 
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Figure 5.6. Geophysica l activity, West Coast off shor e 
(actual kilometres of r eflection and r efraction) 1959-80. 
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Since 1969, other companies have shown some interest 
in the potential of the British Columbia offshore. In 1971 and 
1972 Chevron financed marine surveys by GSI's M V Westwind 
and Dresser Olympics ' M V Canadian Olympic. Texaco also 
carri ed out a program in 1972, along the western coast of 
Queen C harlotte Islands, utili zing the M V Caribbean Seal. 
The final marine surve y along the west coast was performed 
during 1974 in Hecate Strait by Gulf, with its own MS Hollis 
Hedberg. 

While Shell's disappointing results did much to dampen 
enthusiasm, it was government regulations which eventua lly 
terminated west coast operations. Following the discover y at 
Prudhoe Bay and the ensuing discussion of the possibility of 
tanker transportation, there was an accompanying tightening 
of e nvironm enta l regulat ions . Jn 1971 seismic exploration in 
the Strait of Georgia was banned by Federal Fisheries and 
Forestry Minister Jack Davis . 

Subsequently, a rather vague moratorium was imposed 
with the Federal Government continuing to renew single-yea r 
land permits under the provision that no drilling be 
undertaken . However, with the apparent resolution of the 
transportation question in favour of tankers, it is anticipated 
that the moratorium will be lifted in the near future. 

Central Canada 

Introduction 

In the context of thi s di scussion, the offshore regions of 
central Canada are divided into the Great Lakes and the vast 
area including Hudson Bay and James Bay as well as Hudson 
Strait. As a consequence of the Great Lakes Water 
Agreement, exploration in the first region is permitted only 
on Lake Erie . To date marine exploration in the second 
region has been confined mainly to Hudson Bay, with some 
minor work in Hudson Strait. 

Great Lakes 

Although the first North American offshore well was 
drilled in La ke Erie during 1913, large scale marine seismic 
exploration did not commence until 1968 (Table 5.2; Fig . 5. 7) . 
Atl as Lake Erie No . l and other drilling successes in 1967 
provided the stimulus for marine activities in Ontario. 
During the initial year of operation, a survey was car ried out 
for Amerada Petroleum Corporation by Geoprospec tors Inc . 
while Geophysical Service Inc . utilized its M V Eugene 
McDermott in programs for Shell Canada Limited and Pan 
American Petroleum Corporation. 

During the interim period to the present, surveys have 
been financed by Consumers ' Gas Company of Toronto, 
Anschutz (Canada) Exploration Limited of Calgary and 
Canadian Superior . The contrac tors involved with these 
operations have been Kenting Exploration Services, Petty 
Ray Geophysical and Geophysical Service Inc . In general, 
some type of local barge has usually been employed in these 
surveys as in the case of the R & L No . l used by GSI in 1980 . 
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Figure 5.7. Geophysical activity, Lake Erie 
kilometres of reflection and r efraction) 1968-80. 
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It is not foreseen that activi ties on Lake Er ie will 
change drastically in the foreseeable future. However, the 
attractive geology of nearby Lake St . Clair and Lake Huron 
coupled with a good record concerning potential problems of 
pollution in Lake Erie, will in all likelihood result in 
legislat ion permitting limited expansion of offshore 
exploration sometime in the future. 

Hudson Bay/Hudson Strait 

Operations commenced in this region in 1965 (Table 5.2; 
Fig. 5.8), when Richfield Oil contracted GS! to perform a 
seismic survey in Hudson Bay. In 1968 and again in 1970 Arco 
and Aquitaine joined to fi nance an extensive reflection a nd 
refract ion survey by CGG. In 1971 the French company 
returned once again to perform reflection and refraction 
surveys for several different clients. 

No marine seismic operations were carried out in 1972; 
however, 1973 saw the de but of Kenting in the area with the 
M V Thorarinn. Activities peaked in this region during the 
1974 season as CGG's Orion Arc tic, Kenting's M V Thorarinn 
and GSI's M V Hans Egede com bined to shoot 8853 kilometres 
of reflection and refraction seism ic . This year also saw the 
first drilling venture in the region as Aquitai ne commenced 
the Narwhal well with a dri ll shi p from Louisiana. Adverse 
ice and storm condi tions conspired to terminate activities 
prematurel y and the 517 foot unplugged hole was abandoned. 

The following year Aquitaine returned with the drillship 
Pentagon P-82 and drilled the Hudson Walrus and Polar Bear 
wells to basement. Results from these wells were very 
disappointing, discouraging further activity in the area. The 
last seismic survey was carried out in 1975 by GSI's 
M V Carino, operating for Mobil. 

Recently some interest has been shown in Hudson Bay, 
as Chevron requested the 30.6 million hectares of terr itory to 
be posted for sale. While no bids were made during the 
November 17, 1980 sale, a Canadian company is reported to 
be formulating an offer to submit to the Minister of Energy, 
Mines and Resources. The exploration commitm e nt would 
include approximately 4500 kilometres of seismic over three 
years, an environmental study dur in g the fourth year, as well 
as a drilling program of at least two wells in the fifth year. 

F.astern Canada 

Introduction 

Offshore Eastern Canada has been by far the most 
active region for marine seismic exploration. From the 
initial season of 1960 interest increased throughout the 
ensuing decade to peak in 1971 at nearly 80 OOO kilometres 
acqui red. Subsequent years were characterized by a decline 
in ki lometres collected, reaching a minimum in 1979 with less 
than 10 OOO kilometres, while 1980 was a year of recover y as 
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Figure 5.8. Geophysical activity, Hudson &iy/ Hudson Strait 
(actual kilometr es of reflection and r efraction) 1965-80. 
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Figure 5.9. Geophysical activity, East Coast off shore 
(actual ki lom etres of r eflection and refraction) 1960-80. 

over 30 OOO kilometres were obtained . This discussion wi ll 
outline the trends in marine seismic exploration in relation to 
dri lling success during the last two decades. 

East Coast 

Offshore seismic exploration along Canada's east coast 
commenced in 1960 (Table 5.2; Fig. 5. 9) as GS! performed a 
reflection and refraction surve y for Mobil. The marine 
vessels Minna a nd Titus were employed as the shooting and 
recording vessels respective ly, in a 1406 kilometre program 
in the Sable Island area. After a lull of two years seismic 
exploration resumed once agai n in 1963 as Shell commenced 
its extensive program offshore of Nova Scotia. GS! 
performed this original survey utilizing the North Star IV for 
recording and the Minna as the shooting vessel. A major 
inc rease in geophysical marine activity occur red in 1964 as 
GS! complet ed an expanded program for Shell, using the 
North Star IV for recording and the Lady Johnson and Polar 
Star as shooting vessels . The following year saw a furthe r 
inc rease in kilometres acqui red as GS! completed the Shell 
program a nd conducted additional surveys for Humble Oil and 
Te xaco . 

The volume of activity dropped somewhat in 1966 with 
GS! again wor king fo r various clients, while Mobil carried out 
a survey with its own M V Pegasus. A signifi cant renascence 
in geophysical mari ne operations occurred in 1967 as Western 
Geophysical's Smitlloyd II and Devora were involved in a 
major exploration venture by Pan American and Imperial. 
Also making a debut this season was the French company 
CGG, performing a survey fo r Petrosar. This year also saw 
Mobi l Sable Is land C - 67 become Canada's first continental 
offshore natural gas discovery, stimulating inc reased interest 
in the east coast. 

The upsurge in marine exploration continued in 1968 
with GS! regaining shooting programs fo r Pan American and 
Shell. CGG also returned, shoot ing a program for Elf Oil, 
whi le Mobil carried out an extensive survey in the Sable
Banquereau-G rand Banks region with its ow n Fred H. Moore. 
In 1969 activities once again exceeded the previous year's 
total, with more than 34 OOO kilometres being collected . 
Mobil continued to utili ze its own vessel, Teledyne 
Exploration Co. was contracted by Shell, Catalina 
Exploration a nd Developm e nt carr ied out a participation 
program, and CGG perform ed surveys for various cli ents. 
Optimistic dr illing results were also obtained in 1969 as Shell 
completed its first well on the Scotian Shelf, Onondaga E-84, 
a natural gas discovery with noncommercial f lows. 

Interest in the east coast continued to increase in 1970, 
as programs 'Nere fi nanced by Shell, Mobil, Amoco, Imperial , 
Te xaco, Murphy, Husky, Tenneco, Elf, Chevron and others . 
These surveys were carried out by CGG, Western, Delta, and 
Catalina Exploration . Despite the lack of a major oil and gas 
discovery in 1970, operations experienced a considerable 
inc rease in 1971 to a total of nearly 80 OOO kilometres . 
Numerous clients were involved in the surveys performed by 
three GS! vessels, two CGG and Delta vessels, and si ngle 
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Olympic and Western vessels . GS! and Delta also completed 
an extensive participation survey that season in excess of 
16 OOO kilometres. A significant drilling result also occurred 
in 1971, as Mobil Tetco Sable Island E-48 gave a n indication 
that commercial reserves might be fou nd under the Scotian 
Shelf. 

Although activities decreased in 1972 from the peak of 
the previous year, the total ki lometres acquired remained at 
a high level. The major contractors were present once agai n 
as CGG operated two vessels, as did Western a nd 
Seiscan- Delta, while single vessels were employed by GSI, 
Digi con, Delta and Petty-Ray. A company vessel was also 
active this season as Shel l's RV Niobe completed a survey. 
Some encouragin g drilling news was obtained as Shell 
Primrose N-50 identified thick pay zones, while Mobil Tetco 
Thebaud P-84 became the first truly commercial discovery 
on the Scotian Shelf . These two successes were, however, 
insufficient to significantly alter the generally dismal 
exploration record of the east coast. Consequentl y 1973 saw 
a slight decrease in marine seismic exploration, although 
kilometres once again remained high . Numerous companies 
financed surveys this season, including, Imperi al , Mobil, Shell, 
Texaco, Chevron, Gulf, Amoco and others. The contractors 
involved with these programs were GSI, CGG a nd Kenting, 
while Shell and Gulf utilized their own vessels . There were 
no major drillin g successes in 1973, although Mobil-Gulf
Adolphus 2K-41 hinted at possible oil-bearing structures in 
the Grand Banks area, while Bjarni H-81 suggested some 
potential in the Labrador basin . 

The generally disappoi nting drilling record compiled by 
Shell, Mobil and others contributed to a plunge in geophysical 
activities in 1974 of more than 50 per cent from the previous 
year. GSI was the major contractor this season operating the 
M V J E Jonsson, M S Arctic Explorer and M V Carino in 
surveys for various companies . Also returning was CGG in a 
program for Eastcan with its M V Orion Arctic and Digi con's 
M V Gulf Seal in a participation survey on George's Bank. 
The sole drilling success of 1974 was Mobil Tetco Texaco 
Citnalta 1-59, a noncommercial gas well which did little to 
dispel the growi ng pessimism surrounding east coast 
exploration . In 1975 a moderate reduction in the volume of 
operations occu rr ed with GS! utilizing the M VJ E Jonsson, 
MS Arctic Explorer, M V Carino and M V Indian Seal. Also 
active that season was Digicon with the M V Atlantic Seal 
and M V Gulf Seal, as well as CGG, with the M V Dauphin de 
Cherbourg while Esso used its own R V Kirsten Bravo. The 
absence of any drilling successes in 1975 further contributed 
to the decline in east coast marine geophysics . 

A substantial decrease of almost 50 per cent in 
activities to less than 16 OOO kilometres acqui red occurred in 
1976, as activities reached their lowest level since 1966 . 
GSl's M S Arctic Explorer and M V Carino performed surve ys 
fo r various clients including, Eastcan, Esso and Shell, while 
CGG's Polar Berg was engaged alon g the Labrador coast. 
Also present was the company boat R V Kirsten Bravo for an 
Esso program. The 1977 season saw a continuation of the 
downward trend in exploration, as the mounting total of 
noncommercial wells continued its debasing effect. GSJ's 
vessels were active once more as was Esso's compan y vessel. 
Once again, however, no encouragement was provided by 
drilling results during the 1977 season. 

Jn 1978 the meagre survey programs were performed by 
GS I's M S Arctic Explorer and M V Carino, CGG's Polar Bjoem 
and Petty-Ray's M V Deep Sea Explorer. Drilling activities 
a long the Scotian Shelf were rewarded this year by the Mobil 
Texaco PEX Venture D- 23, a proli fic gas di scovery. 
However, the implications of this discovery were insufficient 
to prevent a further decli ne in total production to below 
10 OOO kilometres in 1979. GS!, the sole contractor that 
season, utilized the M S Arctic Explorer for a variety of 
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surveys . Two company vessels were also active; the R V Olga 
Bravo for Esso and the M V T W Nelson for Mobil . 
Unquestionabl y the most significant event in the scenario of 
east coast exploration was the discovery of commercial 
reserves of oil with Hibernia P- 15. The ram ifications of this 
occurrence filtered throughout the entire oil industry as 
companies prepared for a major exploration campaign . 

For the marine geophysical industry, 1980 was the year 
of the phoenix as the optimism sur rounding Hibernia was the 
catalyst to a resurgence of activities from the 
disappointments of the seventies . Two major innovations for 
the east coast were implemented this season as GS! carried 
out the first three-dimensional marine surve y in Canada, 
while its three vessels: M S Arctic Explorer, 
M V Fred J. Agnich a nd M V Bering Seal continued operating 
during the winter . The GSI vessels combined to obtain 17 890 
of the total of 30 163 kilometres collected in 1980 . Western 
Geophysical was a lso active completing 5112 kilometres of 
program for Chevron and Gulf with the Western Narrows. 
Geoterrex was the only other contractor present on the east 
coast in 1980, collecting 300 km of data f_or the Cape Breton 
Development Corporation. Two company vessels also carried 
out surveys with Mobil's T W Nelson acquiring 
1928 kilometres while Esso's Olga Bravo collected 
4933 ki lometres. 

The level of seismic activity in offshore eastern Canada 
can be expected to con tinue its increase in light of the 
success of the Hiberni a delineation program . However, as is 
the case in the other offshore regions of Canada, export 
regulations coupled with the federal -provincial conf li ct have 
inhibited a full realization, in a timely fashion, of the 
offshore potential of eastern Canada. 

THE ROLE OF MARINE GEOSCIENCE IN PETROLEUM 
EXPLORATION AND DEVELOPMENT, 1980-2000 
- R. Meneley and F. Rayer 

Expansion of exploration frontiers into Canada's 
offshore basins led to the development of modern marine 
geoscience during the 1960s a nd 70s . The major oi l discovery 
at Hiberni a together with other signifi cant hydrocarbon 
recoveries in exploratory wells drilled offshore of Labrador, 
in Scotian Shelf, Beaufort Sea, and offshore Arctic Islands 
duri ng the past five years have set the stage for an 
unparalleled acceleration of offshore activity during the 
1980s and 90s. We can safely assume an accompanying 
significant increase in petroleum-related marine geoscience 
to support offshore exploration and production during the 
ne xt two decades . Numerous comparisons have been made 
between the projected leve l of offshore Canadian drilling 
activity and that of the North Sea during the years following 
the first major Viking-Graben oil discovery. Despite the 
lower drilling requirements on offshore Canadia n permits, 
continued success in Canada's offshore basins, particularly 
the east coast basins, will lead to rapid increases in both 
capital a nd personnel requirements for increased 
multichannel marine seismic and offshore drilling activity. 
The most dramatic increase will be in the east coast offshore 
(Fig. 5.10), extending throughout the Scotian Basin, east 
Newfoundland basins, and the Labrador Shelf to Davis Strait. 
Continued offshore activit y is anticipated for the Beaufort 
Sea and the Sverdrup Basin, while signifi cant offshore 
activity is projected to commence in northern Baffin Bay
La ncaster Sound and to be resumed in basins off Canada's 
west coast, later in the decade . 

During the next twenty years, emphasis will be on 
traditional marine geoscience as well as on the development 
of new marine geotechnology. Future developments will 
involve interdisciplinary teams consisting of experienced 
geologists, geophysicists, oceanographers, geochem ists, and 
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d. improved field instrumentation for sediment 
and water measurement on the seabed . 

Coastal mapping will be expanded to 
develop an integrated m ultiparameter atlas 
covering Canada's coastal areas to improve our 
regional understanding of coastal processes so 
that effective oil spill counter-measures can be 
designed for both environmental conservation and 
restoration. More systematic mapping of 
environmental marine geology will be conducted 
jointly by industry and government organizations. 
Multidisciplinary marine geoscience involving 
physical oceanography, geochemistry, biology, 
ecology, biostratigraphy, sedimentology, and 
geophysics will be undertaken initially in localized 
areas, but ultimately, systematically tied 
regionally, to extend over the bulk of Canada's 
coastal areas. New technology will also be 
needed to monitor underwater and under ice, 
thaw-freezeback conditions and to record changes 
throughout various seasonal climatic regimes. 
New computer techniques must be developed to 
better handle and display large volumes of 
surficial, nearshore, and deeper water seabed 
data. 

Figure 5.10. 
1962-1981 . 

Wells off shore eastern Canada and in Hudson Bay, 

In the east coast offshore, a significant 
growth in petroleum-related marine 
geotechnology of the deeper water continental 
shelves will occur. Joint industry, government 
and university research will be conducted on ice 
scouring, primarily a Canadian problem . A better 
understanding of the frequency, age, and duration 
of ice scouring will be needed to effectively 
design offshore production systems and nearshore 
terminal and pipeline facilities. New studies in 

geotechnical engineers to deal with increasingly diverse, yet 
interrelated problems associated with the cold marine 
environment to design efficient production and transportation 
systems, pipeline and terminal facilities and to · support 
exploratory drilling activity in a variety of seabottom 
environments and increasing water depths . Expanded marine 
geoscience research and development will be required for 
environmental marine geology; coastal, shelf and slope, 
shallow to deep water geology and geotechnology; and in 
geophysical seabed to crustal studies . Considerable effort 
will be needed to learn the most effective methods for 
dealing with ice, including icebergs, pack-ice and associated 
pressure ridges as well as ice-land and ice-seabed interfaces. 

Co-operative research in marine geoscience by 
industry, government institutions, and universities will be 
required in the next two decades to handle projects in both 
traditional and new petroleum exploration and production 
related geoscience fields. An increase in the number of 
trained professionals in marine geoscience will be required 
and will result from the increased focus on marine geoscience 
at Canadian universities. An increase in research and 
development from the traditional low level of Canadian ea rth 
science research, as well as an increase in Canadian 
professional content is anticipated in the 1980s and 90s. 

During the next twenty years, specific new 
developments in marine geotechnology should occur in: 

a. coll ection and synthesis of data from high resolution 
geophysical surveys, 

b. in situ offshore measurement of sediment properties, 

c . improved sampling and laboratory measurement and 
testing of sediments, 

biostratigraphy and isotope analysis will be 
required to determine the age of ice scours and to 

unravel the multiple generation history of scouring during 
various Quaternary glaciation stages involving the 
continental shelf. Concurrent studies of sediment dynamics, 
including sediment transport, sedimentary fill in ice scours, 
and sediment stability, will also gain considerable attention. 
New technology to monitor and measure sediment dynamics 
in the offshore marine regime will also be required. 

Evaluation of site-specific foundation response to 
slumping, slope movement or creep, wave loading, and 
permafrost to further understand shelf and slope stability will 
be undertaken. Improved technology for mapping the seabed, 
including refinements to the "deep-tow" system, and in high 
resolution subbottom profiling will be necessar y to provide a 
better inventory of the geological conditions on the 
continental shelves. Improvements can also be anticipated in 
both piston and vibracore technology in order to sample the 
seabed and underlying lithologies. Trenching technology will 
also receive considerable attention in the next two decades . 
Monitoring of iceberg grounding and experimental work in 
berm design will be required in order to learn how to isolate 
or shield terminal and production facilities from moving ice 
in shallow water coastal regimes. Additional effort will be 
focused on sidescan sonar survey techniques and 
interpretation to provide mosaic coverage for seabed and ice 
scour mapping. Repeated surveys over selected profiles, 
transects and specific areas will allow geoscientists a better 
understanding of the changing morphology of the offshore 
environments within nearshore and deeper water shelves as 
well as on the deep water continenta l shelves, rises, and in 
deep ocean basins beyond the shelves . 

The Canadian offshore regions will receive increasing 
emphasis on geophysical research related to deep crustal 
studies, and in high resolution seabed profiling. Deep 
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investigations involving gravity, magnetics, refraction and 
Jong-line reflection surveys will provide a better 
understanding of the regional framework of the Canadian 
continental shelves and rises , and of the re lat ionship of 
continental -oceanic crust boundaries to hydrocarbon 
occurrence in a global tectonic context . Co-operative work 
by Canadian and internat ional research groups should be 
encouraged for joint investigation of the A tJantic and Pacific 
margins. Continued work on thermal modelling of subsiding 
conti nental margins ma y reveal new, direct c riteria for 
predicting areas of optimum ther mal maturation in specif ic 
offshore basins a nd basin types. 

Marine geoscience in the Arctic offshore is on the 
threshold of new discoveries. The current int e rnational 
projects, Fram and Cesar, involving geological , geophysical, 
and oceanographic investigations of the Arctic and Polar 
ridges will provide fundamental new data on crust al 
processes. Results of these projects over the ne xt twenty 
years will allow geoscientists to resolve the poorly 
understood plate tectonic re gi mes north of the Canadian 
mainland, beyond the Arctic Archipelago. 

Marine geoscience activity will continue in the 
Beaufort Sea and the Arctic interisJand regions. Coastal and 
seabed mapping will continue in the Beaufort; however, 
because of the different cond itions, emphasis will be on 
understanding the effects of permafrost and its distribution 
on the continental shelf. Research will be directed to studies 
of the effect of permafrost on resolution of seismic data, 
consequently dramatic improvements in seismic data quality 
in permafrost areas can be expected. Additional geoscience 
studies on permafrost creep, and on sediment dynamics or 
soil foundation relationships in permafrost areas will be 
continued. The effects of shallow gas and gas hydrates on 
seabed stability will also receive cons iderable attention. 
Investigations of ice scou ring, particularly involving the 
dynami cs of pressure ridges will gain increasing attention in 
the next two decades . A better understanding of 
geopressured zones and the thermal-lithologic conditions of 
the near seafloor sediment layer in cold-shallow water 
regimes will result, and experimental work with differential 
permafrost to stabi li ze earth-filled structures to optimize 
seafloor production systems will receive considerable 
attention over the next two decades. 

Marine geoscience related to Canada's offshore west 
coast will become i nc reasi ngJ y important as petroleum 
exploration resumes with termination of the existing 
moratorium . Geological, geophysical and oceanographic 
studies for resource exploration and production will 
accelerate in the mid to late 1980s. Additional research can 
be anticipated related to the plate tectoni c subduction
convection model for evaluation of toxic waste disposal 
areas. 

During the next decade use of the Glomar Explorer, in 
the second generation Deep Sea Drilling Project, will provide 
an increasing amount of data worldwide which will 
significantly alter our understanding of plate tec toni cs, 
stratigraphy and geochemistry of the deeper water 
continental shelf, rise and deep ocean basin regimes . 
Paralleling these improvements in marine geoscience will be 
dramatic improvements in new drilling technology and rock 
engineering to allow resource exploitation in inc reasingly 
deep water environments . 

Jn summary, considerably more effort will be directed 
in the next two decades to marine geoscience, on new 
technology to acquire, monitor and evaluate offshore data, 
and on multidisciplinary interpretations of marine earth 
science data. A significant increase in Canadian specialists 
as we ll as an increase in the co-operative joint project work 
of industry, government and universities is anticipated. The 
next two decades will represent a new era in marine 
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geoscience; one that will produce results in many related 
fields which will dramat ically alter existing geoscience 
concepts . The activity will expand in many areas ranging 
from recent, shallow water to nearshore, shelf and deep 
water processes of the continental she! ves, to the deeper 
water slopes, rises, and deep ocean basins associated with the 
continental margins and beyond. Whil e we can safely predict 
an increased effort in these multidisciplinary fields, the 
magnitude of the effort in any one of them will depend on the 
degree to which the results impact on Canadian offshore 
resources development. 

MINING AND DREDG ING - D. Pasho 

Western Canada 

At the present time, mining and dredging in marine 
areas offshore in British Columbia are being carried out on a 
continuing basis by only one company, Rivtow Straits Ltd. 
Thi s sand and gravel dredging operation is based in Prince 
Rupert where land-based sources a re too distant to be 
economi c . All of the act ivel y worked lease areas lie within 
15 km of Prince Rupert in inshore waters, generally adjacent 
to shoals, at depths of Jess than 10 m . At present 
approximate ly 225 OOO tonnes of fill and road base material 
for use in the Prince Rupert area are dredged annually. 
Better quality sand needed for construction in Prince Rupert 
is barged from the Vancouver pits of Rivtow Straits. Demand 
for sand and gravel in Prince Rupert is expected to increase 
in the future with the a nticipated major expansion of port 
facilities. 

Central Canada 

Three operations a re currently li censed by Ontario 
Ministry of Natural Resources to dredge material from the 
Great Lakes. They recover a combined total of nearly 
600 OOO tonnes per year of sand fill and some sand size 
aggregate for the construction industry. Organic 
contaminants and limited natural sorting preclude the use of 
muc h of the material as aggregate. Protection of natural 
shorelines, beaches and fish-breeding grounds, the capital 
investment required for dredging equipment, and the 
re latively poor quality of available material are deterrents 
for expansion of the industry. There is little likelihood of 
recovery of metallic minerals from Hudson Bay, James Bay 
or the Great Lakes, with possibly one minor exception, viz . 
the mining of a high grade vein-type s ilver deposit via a shaft 
from Silver Isle t, Lake Superior. 

There is apparently minimal involvement by industry 
earth scientists in exploration for offshore resources in 
central Canada. 

£.astern Canada 

At present it appears that no mining activity is being 
conducted on the continent al shelf off eastern Canada either 
for minerals or aggregate . However, mining of optical 
quality si li ca sand from the Gulf of St. Lawrence is 
anticipated. During the 1960s prospecting for place r gold 
occurred off the south coast of Nova Scotia and it is possible 
that a mining operation may be undertaken in the future. 

As the demand increased for construct ion materials 
through possible engineering projects such as Fundy Tidal 
Power, Hibernia oil field development, and hydrocarbon 
storage facilities, offshore deposits of sand and gravel may 
be utilized. The Geologi cal Survey of Canada has been 
systematically mapping the surficiaJ sediments on the 
continental shelves of eastern Canada and these maps will 
form the basis for aggregate exploration. Hi gh resolution 
seismic reflect ion s tudies and subsurface samples would be 
necessary to delineate in detail the size of the deposits. 



Northern Canada 

With the exception of bottom materials recovered for 
the construction of artificial islands, no mining or dredging of 
offshore resources is carried out or anticipated in northe rn 
Canada . To date, seventeen man-made islands have been 
const ructed in the Beaufort Sea to provide offshore drill sites 
for oil and gas exploration. Possibly six additional islands 
will be built in the next three yea rs. Where freezing to 
bottom is encountered, nearshore islands are constructed by 
transporting land-acquired fill over the ice . In deeper water, 
fill is dredged; a prototype "production-scale" island near the 
edge of shore- fast ice in 20 m of water wi ll requi re 
2 500 OOO m 3 of fill and aggregat e . It will encompass a berm 
area of 25 hectares and wi ll require a "borrow pit" of 
60 hectares to supply the material. Aggregate obtained from 
the dredged material will be used for conc rete cappi ng of the 
structure . 

72° 

71° 
30' 

74° 

100 

73° 72° 

0/ 
':lo \:>-~ 

;f.l' 0G0 Soo 0~~0 

Earth science personnel are involved with sea ice 
movement a nd ice scour, permafrost, environmental studies, 
soil mechanics, and design engineering of the structure. 
Specialists exist within the major oil companies but use is 
a lso made of cons ulta nts with expertise in these fields . 

Acknowledgments: Information supplied by J. Masham, 
Ontario Ministery of Natural Resources (Central Canada), 
A.H. Jones, Department of Indian Affai rs a nd Northern 
Development (Northern Canada). 

MINERALS - D. Pasho 

Indust r y activities related to minerals other than 
petroleum in Canada's offshore have, in the past, bee n 
limited to sporadic investigations of heavy or precious metals 
and occasional inquiries concerning offshore sources of sand 
a nd gravel. This general lack of interest does not necessaril y 
reflect a negative att itude towards the possibility of 
developing offshore mi nera ls , but rather reflects the 
perceptions of higher costs and greater difficulty associated 
with offshore exploration a nd mining as compared with 
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Figure 5.11. Natural hydrocarbon seepage at Scott Inl et and Buchan Gulf, &J.ffin Island Shelf. The 
figure shows the area where surf ace slicks were observed in 1980, and sa mpling sites. The arrow 
indicates the locality in the Outer Scott Trough where oil dropl et s and bubbles were erupting at the 
sea surface. Petrolif erous rocks were observed on the seafloor from the submersible Pisces Nin 1981 
(from Levy, E.M. and Maclean, B., 1981, Geological Survey of Canada, Paper 81-lA, p. 401-403). 
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relatively abundant onshore Canadian sources or low cost 
imports. In recent years, however, a number of changi ng 
ci rcumstances are increasing the likelihood that offshore 
minerals in Canada will receive more attention in the future. 

Firstly, in the case of such industrial minerals as sand 
and gravel, and si lica sands, it is increasingly difficult to 
maintain low cost, dependable sources of supply in some 
Canadian locations . Depletion of local onshore deposits or 
high transportation costs of both have led some companies to 
evaluate seriously the possibility of develo ping offshor e 
deposits . Over the longer term, such situations are like ly to 
increase and should stimulate f urther interest in offshore 
sources . 

Secondly, ac tivities related to offshore mineral deposits 
being carried out by the Department of Energy, Mines a nd 
Resources are now co-ordinated through the Wor ki ng Groups 
of the Department's Co-ordinating Committee on Ocean 
Mining. The Shelf Working Group, which draws upon a broad 
pool of expertise a nd information in Canada Oil and Gas 
Lands Ad ministration, Geological Survey of Canada, Canada 
Centre for Mineral Tec hnology (CANMET) and Mineral Poli cy 
Sector is, at present, co mpiling a Canadian offshore minerals 
resource inventory. The inventory will, in part, identify 
types of deposits and delineate offshore target areas withi n 
whi c h mineral deposits may exist and a re most like I y 
exploitable within the foreseeable futu re . The Deep Ocean 
Working Group of the Committee is studying the potential of 
pol ymetallic sulphide occurrences on the Juan de Fuca ridge 
as we ll as assessing the possibi li ty that recent discoveries of 
these deposits may prove valuable in the interpretation of 
some Canadian sulphide deposits . They a re also cont inuing 
their study of the potential for deep seabed recovery of 
manganese nodules . Thi s type of information will provide 
industry with an idea of what commodities might be ava il able 
from the Canadian offshore a nd where exploitable deposi t s 
are most Ii kel y to occu r . 

Thirdl y, work is underway within the Departme nt of 
Energy, Mines and Resources to design and fo rmulate a 
resource management regime specifically dealing with the 
development of offshore minerals other than petroleum 
within Canada 's area of jurisdiction. There are, at present, 
no appropriate Canadian acts or regulations appli cable to 
offshore mining. 

Over the next five to t en years, these three facto rs 
should act to encourage the developm e nt of Canada's 
offshore minerals other than petroleum . Early operations 
will likely involve the recover y of indus trial mine rals 
(construction aggregates, refrac tory sand , etc. ) from shallow 
water areas and wi ll service local or regional markets 
accessible by water transport. If ini ti al offshore mini ng 
ventu res are competitive, addi tional interest would li ke ly be 
generated in the developm ent of offshore sources of other 
industrial minerals and, possibly, in t he explorat ion for heavy 
minerals and placers . 

As compared with most industrial minerals, re source 
potential in t he offshore areas of Canada for heavy minerals 
and placers seems much more limited, and exploration is 
more complex and risky . Therefore, comm erc ial offshore 
ac ti vi ties re lated to their development are likel y to wait 
unti l data from government or academic institutions stron gly 
indi cate the li kelihood of their occurrence in specific areas . 
It might be expected that over the next five or t e n years, 
there will be little exploration for such deposits unless it is 
directed towards the very few offshore a reas where present 
information s uggests some likelihood of existence. 

When considerin g the requirements for Canadian 
geoscientists speciali zi ng in offshore minerals, it must be 
borne in mind that the industry is likely to be modest in size 
and will develop slowl y . In general, geologists with a 
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backg round in a reas such as marine geology or sediment 
dynamics, can, with some study and invo lvement, adequately 
meet most of the routine needs of government a nd industry . 
While specific offshore exploration or development programs 
may be facilitated by drawing on specialized expertise, few 
co mpa nies wi ll be able to justify such inhouse capability. 
Thus, although the re will be a need and a demand for experts 
specializing in offshore minerals, it will be limited. It seems 
likely that with the exception of a very few experts in 
industry and government, marine consulting firm s wi ll be the 
most likely place for such individuals. 

AIRBORNE GEOPHYSICS INDUSTRY - N.R . Paterson 

Introduction 

Activity 

Industry in general recogni zes the contribution that 
airborne geophys ics (prin cipally the airborne magnetometer) 
can make to offshore exploration in the sta rt-up phase of the 
program. For thi s reason airborne magnetometer surveys 
were conducted over large areas of Canada's continental 
shelf a nd adjacent a reas in the late 1960s and ear ly 1970s. 
By 1975 most of the marine areas surrounding Canada, both 
territori a l and international, had been covered by industry or 
government. A large proportion of the indust r y work was 
done on a nonexclusive basis, thereby allowi ng a number of 
interested companies to benefit from the information at a 
very modest cost. Interpretations of much of the work have 
been carried out on an exclusive or nonexclusive basis by 
several consulting organizations . In many cases the airborne 
data have been integrated with available marine gravity a nd 
magnetic data obtained by the Federal Government. Index 
maps of ava ilable aeromagnetic coverage and interpretive 
reports are available from the following contractors a nd 
consultants : 

I. Terra Surveys Limited/Geoterrex Limited, Ottawa 

2. Questor Surveys Limited, Toronto 

3. Aqua- Terra Consultants Li mited, Calgary 

Because aeromagnetic data a re perceived by industry to 
provide mainly re gional scale geological information, the 
method has been appli ed on ly sparin gly in the later phases of 
offshore exploration programs. Contractors report very little 
act ivity in the period 1977-1 980, such work being lim ited to 
private surveys on the west coast and on small acreages in 
the Arct ic . 

There has been no reported activity in ai rborne gravit y 
surveying in offshore Canada, though industry 1s said to have 
conduc ted some trials of a helicopter gravity system duri ng 
the 1970s . The work would be similar to that conducted in 
1977 off the coast of Vir gi ni a and, earlier, on the north s lope 
of Alaska . 

In add it ion to the above petroleum-directed activities, 
small coast a l areas have been surveyed with the objecti ve of 
prospecting for metalli c or non-meta lli c minerals or both. 
These programs are norm a ll y extensions of similar work 
carried out on the adjacent land . Methods used are, 
similarl y, a n extension of the onshore techniques and incl ude 
ma ne tometer, audio-frequency or transient e lectro
magnetometer, and VLF e ec tromagnetometer. T e ast two 
t echniques a re rendered vir tuall y ineffective by the salt 
water environment, including the tidal a rea . The 
magnetometer has produced useful information in coastal 
areas of British Columbia, Newfoundland, Baffin Island, Nova 
Scotia, Hudson Bay, the Great Lakes , and many other parts of 
Canada. Such surveys a re usually confined to a coastal strip 
not more than 1-2 km wide. As suc h, the y hardly qualify 
under the present definition of "marine geosciences". 



The Industry 

The Canadian airborne geophysical industry is 
dominated by three principal contractors, located in Ottawa 
and Toronto . In addition, there are three or four smaller 
contrac tors willing and able to conduct marine surveys and 
also located in eastern Canada. In all, some l 5-20 licensed 
survey aircraft are available in Canada for airborne 
geophysical surveys. Of these, roughly 75 per cent represent 
the capability of the three major organizations . In addition, 
several American contractors continue to car ry out surveys 
in Canada, mainly for U .S.-based petroleum clients. 

Offshore aeromagnetic surveying accounts for onl y a 
small fract ion of the annual domestic aeromagnetic business. 
It is estimated that of at least 500 OOO line km of magnetics 
and combined electromagnetics/magnetics flown annually in 
Canada, less than I 0 per cent takes place over water. In 
terms of magnetics only, the offshore fraction could be as 
high as 15-20 per cent and is probably increasing. 

Canadian airborne geophysical contractors have 
traditionally played an important role in the international 
scene, probably accounting for at least one-third of the 
international market. The Canadian federa l- provincial 
aeromagnetic program has been instrumental in sustaining a 
strong airborne geophysical capability in Canada . Canadian 
International Development Agency (CIDA) programs have 
provided valuable international (including offshore) 
experience. The international petroleum corporations, 
however, with roots mainly in the United States and .Europe, 
and the Canadian subsidiaries of these organizations, have 
been slow to develop ties with Canadian industry. An 
exception is the working relationship between the French 
petroleum companies and Geoterrex Limited of Ottawa , 
which is itse lf French controlled. The major Calgary-based 
American subsidiaries have a tradition of drawing on parent 
company expertise in the planning, supervision and 
interpretation of aeromagnetic surveys, with the result that a 
significant proportion of their work is farmed out to 
American contractors and consultants and is managed by 
American specialists . Currently a trend appears to be 
developing towards the establishment of a nucleus of 
magnetics/gravity specialists in the Calgary offices of the 
major petroleum companies. It is hoped that this trend will 
continue . 

The Future 

The perception of airborne geophysics as solel y a 
reconnaissance tool in petroleum exploration is challenged by 
many geophysicists . Recent advances in both 
instrumentation and interpretation techniques have opened up 
new applications for high sensitivity aeromagnetics and 
aeromagnetic gradiometry. Impro ved methods of flight path 
recovery and altitude control have contributed signifi cant ly 
to the usefulness of magnetic data. Despite the lack of 
airborne geophysical activity in offshore Canada in recent 
years, it is not unlikely that, political-economic factors 
permitting, there will be a renewed emphasis on 
aeromagnetic surveys in the 1980s. These will probably take 
the form of relatively detailed (e.g. one-half to one kilometre 
line spacing) surveys with high sensit ivity magnetometer, 
possibly with gradiometer. Airborne gravity surveys are 
likely to be of a similarly detailed nature. 

Technical Developments and Limitations 

Since about l 970 most aeromagnetic surveying done by 
industry in Canada has been based on the relatively high 
sensitivity family of optical pumping magnetometers . These 
instruments are capable of a resolution of 1/ 1 OOth gamma or 
better, as compared with the 1/ lOth to 1 gamma resolution 

common with proton precession magnetometers. Limited use 
has also been made in Canada of a relative ly high sensitivity 
version of the fluxgate magnetometer (resolution of the order 
of l/20th gamma) . Verti cal aeromagnetic gradiometers have 
been employed sparingly in offshore Canada but one fai rl y 
extensive survey was conducted in the Beaufort Sea at the 
beginning of the decade . The system employed two optical 
pumping magnetometers separated vertically by about 
50 metres. 

There have been relatively few significant 
developments in magnetometer instrumentation in the past 
few years, but there has been a major improvement in the 
areas of digital data acquisition , quality control, real-time 
and post-flight verification and editing, and subsequent 
processing. These procedures, including the continuous 
recording of fourth differences of the magnetic values, have 
led to a significantly improved end product. The availabi lit y 
of reliable digital data, rec orded at an appropriately short 
sample time, has allowed the geophysicist to extrac t 
meaningful information from data of quite low magnetic 
relie f. For example, the signatures of so me weakly magnetic 
sedimentary beds may have an activity of barely 1 gamma. 
The sensing and resolution of such signatures can aid 
importantly in the mapping of st rati graphy and interpreting 
structu re. 

Although the value of high sensitivity data is seldom 
apparent on the total intensity contour map, it is readil y seen 
in computer processed maps such as residuals, downward 
continuations and derivatives. Such processes have benefited 
from the availability of accurate and reliable digital data, 
but they have also undergone significant advances through 
the advent of new computer technology. One very important 
area is quantitative analysis . Major advances have been 
made in this area in the past ten years. Several 
semiautomati c procedures have been developed for the 
calc ulation of depth and geometry, based on the fitting of 
simple models to the magnetic profiles. Other procedures 
operate on the fourier components of the anomalies in two 
dimensions. A recent development is the adaptation of the 
Marquardt (vi z . W.W. Johnson, Geophysics, 1969) algorithm to 
semiautomatic computer modellin g . By this process simple 
magneti c models are optimally fitted to selected anomalies 
on the digital magnetic profiles . The geoph ysicis t is required 
only to input the fiducial numbers at the start and end of the 
anomaly and the azimuth of the anomaly's longer axis. The 
computer varies up to seven parameters of the body in order 
to obtain the best least-squares fit, and lists the final values 
alon g with the observed and fitted magnetic profile values 
and the standard deviation of the fit. After the geophysicist 
is satisfied with the fitting process the bodies are drawn by 
machine plotter, together with their essential geometric and 
magnetic parameters, on the f li ght path or magnetic contour 
map . 

Another equally important area of development, 
applying primarily to marine surveys, is navigation and path 
recovery. Traditionally aeromagnetic surveys over the sea 
have relied on shore-based radio antennae or transponders for 
position control. During the 1970s there has been an 
increasing use of INS (Inertial Navigation Systems) such as 
the Litton L TDN-51. Contractors have also experimented 
with passive VLF systems, recording up to 5 channel s 
s imultaneously. Since the INS requires periodic updating and 
because VLF lacks the accuracy required for most 
aeromagnetic sur veys, ancillary radio or radar systems are 
simultaneously employed. Where Decca is available, this is 
the preferred ancillary system; Loran C, Argo DM-5lf, 
Motorola Mini-Ranger and other radio and radar positioning 
a ids have also been employed successfully. Doppler is 
com monly used as a further aid in navigation and as a 
supplementary technique in the path recovery process . 
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Figure 5.12. Iceberg furrows seen on a sidescan record in 190 m water off Labrador. Random , well 
defined straight to curvilinear scouring on uniform fine grained sediments . The double-track scour 
visible crossing the central part of the area is approaching 200 m in width. A channel-like, natural 
depression crosses the ship's track in the lower part of the area. Note the narrowing of the longest 
scour as it crosses the deeper water in the channel in the right lower part of the area (source: 
C.F.M. Lewis). 

Advances in INS and VLF in the I 970s have signifi cantl y 
affected aeromagnetic surve y effectiveness in the far 
offshore areas . Attention is being given currently to 
SAT NA V (satellite navigation), both as a means of calibrati ng 
INS and as a navigation system of its own . 

Precise navigation control is essential in high 
sensitivity aeromagnetic surveying because of the effect of 
aircraft movements in the earth's magnetic field. To make 
use of magnetic data recorded at an accuracy of better than 
l/20th gamma, aircraft position must be known at all times 
within limits of about 10-20 metres . Such an accuracy is 
usually achievable in the vertical sense by the use of 
simultaneous radar and barometric digitally recording 
altimeters. These procedures are now standard in offshore 
surveying. Lateral control within these tight limits has 
rarely been achieved but seems to be within reach of the 
newer INS instruments. 

Techni cal developments in airborne gravity surveying 
have not yet found application in Canada where fairly 
widespread marine gravity networks are already available . 
The airborne magnetometer is not only more accu rate but is 
vastly less expensive than it s marine counterpart. The same 
cannot be said for gravity, and this situation is unlikely to 
change in the near future. 
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Operations 

Central Canada 

No commercial airborne geophysical su rve ys have been 
reported in central Canada in the past four years. Jn the 
mid- l 970s medium-sensitivity aerom agnetic profiles were 
flown in east-west strips from the east shore of Hudson Bay 
from Akimiski Island in the south to Cape Smith in the north. 
These profiles extended the existing aeromagnetic coverage 
of Hudson Bay obtained privately in the late 1960s . Similar 
profile surveys were flown in the area of Southampton, 
Coates and Mansel islands in the early 1970s. Network 
surveys were conducted in Hudson Strait, Richmond Gulf and 
the Cape Tatnam areas in the period 1966-1972 . All of these 
surveys employed medium-sensitivity fluxgate or proton 
magnetometers . 

A variety of navigation systems were employed, 
including the Federal Government Decca network, when 
available, VLF and doppler. Principal flying bases were 
Churchill, Coral Harbour, Great Whale River and Moosonee . 

The results of all of these surveys have been 
interpreted by several specialist groups and integrated with 
the available Federal Government marine magnetics network. 

Little, if any, aeromagnetic activity is reported over 
the Great Lakes, with the exception of mineral surveys along 
the fringes of Lake Superior and Lake Huron's Georgian Bay. 



Combined ai r borne electromagnetic (I NPU T) and 
magnetometer surveys have been f lown over parts of other 
major lake systems, including Reindeer Lake, Wollaston Lake, 
Lake Athabasca, Great Slave Lake and Great Bear La ke. In 
1979 so me 8000-12 OOO li ne km of combined INPUT 
magnetometer surveying was done over Lake A thabasca to 
search for str uctures favourable for uranium accumulation. 
These surveys were controlled for the most part by Mot orola 
Mini- Ranger. 

Western Canada 

Little commercial activity has been reported in western 
Canada, other than an aeromagnetic sur vey of approximately 
50 OOO line km off the British Columbia coast in 1980. It is 
understood that this was a high sensitivity survey e mploying 
INS, doppler and Decca for navigation and path recover y. 

Pri or aeromagnetic work in the a rea included a 
petroleum survey with fluxgate magnetometer in 1973 and a 
number of extensions to land surveys flown over Vancouver 
Island and the Queen Charlotte Islands . The latter surveys 
were probably carr ied out in the search for minerals rather 
than petroleum. 

Atlantic Canada 

No airborne geophysical surveys have been reported in 
Atlanti c Canada since 1975. Prior to t hat date extensive 
high sensitivity aeromagnetic surveying was conducted in the 
Labrador Sea and Davis Strait. With the exception of some 
relatively small blocks, the Labrador Sea survey, totalling 
about 18 500 line km, was flown on a relatively loose grid of 
profiles spaced 16 km by 32 km apart. In Davis Strait roughly 
35 OOO line km were surveyed at profile spacings of 5 km by 
12 km or less . All of the surveys have been interpreted and 
are beli eved to be avai lable publicly from the su rvey 
sponsors. 

These surveys were conducted using a variety of 
aircraft and navigation systems. Principal flying bases were 
Churc hill, Fort Chima and Frobisher Bay . The magnetometer 
employed was of the caesium vapour, optical pumping type . 

The only other reported surveying fo r petroleum in 
At lantic Canada is a f luxgate survey in the Grand Banks area 
of Newfoundland in 1973. This survey employed a 
combi nation of VLF 0 - channels) and doppler for navigation 
and path recovery. 

Minera l surveys have been flow n in numerous coast al 
a reas a round Newfoundland, Nova Scotia, etc., including 
surveys in St. George's Bay and Notr e Dame Bay. In 1979 
high sensitivity aeromagnetic surveys were flow n for the 
Nova Scotia Government over the northern half of Cape 
Breton Island using precise vertical a nd hori zontal control. 
These surveys covered a str ip approximatel y 4 km wide over 
the su rroundi ng coast. 

Northern Canada 

The only airborne geophysics reported in nor thern 
Canada in recent years consists of two small, high sensitivity 
aeromagnetic surveys flown for petroleum com panies in the 
Labrador Sea and Davis Strait in 1980. These surveys 
employed stringer-mounted he lium vapour magnetomet ers on 
a DC-3 ai rcraf t , operati ng out of Frobisher Bay. Position 
control was by a combination of radio positioning 
(Argo DM-54) and doppler . 

Prior to 197 5 a large part of the Arctic Is lands and 
adjacent waters were covered by systematic regiona l 
aeromagnetic surveys. These com menced in the Macken zie 
Delta and Beaufort Sea areas in the late 1960s a nd extended 

northward to Banks Island and the Sverdrup Basin in the early 
1970s . The northwest passage (Parry Channel), Jones Sound, 
and Axel Heiberg a nd western Ellesmere isla nds were also 
covered in the early 1970s. 

More than 150 OOO line km of compiled aeromagnetic 
maps a re ava il able in these areas from the survey sponsors . 
The work was mainly medium sensiti vity, using a variety of 
magnetometers, ai rcraft and navigation systems . The 
Federa l Government Decca Lambda system was used 
extensively . Line spacing varied from 1.6 km to more than 
24 km, the closer inter val a pplying generally to the island 
a reas where visual path recovery was possible. 

A program of high sensitivit y airborne magnetometer 
and verti cal gradiometer su rveying was conducted in the late 
1960s in the Beaufort Sea consisting of profi les extending 
northwards from the mainla nd. The system used double 
caesium vapour magnetometers in a towed bird gradiometer 
configuration . Access to these results and their 
interpretation is possible through the survey sponsors. 

The widespread aeromagnetic coverage in the Arcti c 
Islands (the above indust r y surveys are generally conti guous 
with or overlap Federal Governm ent aeromagneti c coverage ) 
has allowed var ious organi zations to carr y out regional 
interpretations. However, vastly more information could be 
derived, of direct exploration importance, from more closely 
spaced, high sensi ti vity digital magnetic coverage. A second 
phase of medium scale aeromagneti c surveyi ng appears to be 
underway with this in mind. There a re few areas in the world 
where the ai r borne magnetom eter enjoys as many 
advantages . The extremely high cost and technical 
limitations of se ismic su rveying in the Arc ti c are strong 
incentives in favou r of cont inued aeromagnetic surveying. 

COLD REGIONS CONTRACTING 
AND CONSUL TING - J .I. C la rk 

An insight into the activities of the contracting and 
consulting com ponent of industry is provided by the Inventor y 
of Canadian Research and Development Capabilities for 
Engineering in Cold Regions, prepared by Acres Consulting 
Services Limited for the National Research Council of 
Canada, 1978. 

The inventor y contains 313 listings. Of these, 230 are 
industr ies and the remainder are in government or 
universities . Thi s assessment relates only to the industr y 
component and includes contractors, consultants and 
produce rs. The criteria fo r inclusion in the director y were: 

a demonstrated research and development capabi lity 
specific or complementary to engineering work in cold 
regions 

an exist ing business address in Canada 

Cold regions are defined as those areas north of the 
southern limit of discontinuous permafrost, including the 
Arcti c Is lands a nd the water bet ween, and t he ice affected 
water off the east coast of Canada . Thus the inventory 
ref lects activities in most of Canada's marine environment. 

The inventor y is classified by subject, organization and 
geographic listings . There a re 12 subject areas identified, 
one of which is ocean engi neering. Of the six 
subclassifications, within the subject area of ocean 
engineer ing, fou r can be identified as having a major 
component di rected towards marine geosciences. Although 
the inventor y would not adequately reflect marine geoscience 
activities for the west coast, it is a good indication of the 
number of perfo rmers, the level of effort and the source of 
funding (i .e. by contract or in-house). Specific information 
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related to ocean engineering is presented for the year 1977. 
General trends a re indi cated by a summary of total level of 
effort for the five years, 1973 to 1977 inc lusive. 

Atlant ic Canada 

Within the Atlantic Region nine performers in ocean 
engineering were indicated for the industry sec tor, six in 
Nova Scotia and three in Newfoundland. Only four of these 
organizations were involved with work related to mar ine 
geoscience. The level of effort is summarized below: 

In summary, of the 230 industries in Canada surveyed, 
84 indicated a research and development capability in ocean 
e ngineering and of these, 37 organizations were involved with 
activities directly related to marine geosciences . These 
activities required 67 person years of effort and over 90 per 
cen t was funded by contrac ts . The level of effort directed to 
marine geoscience activities represents about 8 .5 per cent of 
the total research and development effort of the 84 
organizations with ocean engi neering capability. 

No data are available for 1978 to 

Total Cold Total Per cent 

1980 but there is no doubt that marine 
geoscience activity has increased. 
There is also no information on the 
marine geoscience activities of 
foreign organizations contracted for 
work in Canada. It is well known that 
foreign companies have been 
contrac ted to undertake seabottom 
investigations in the Beaufort Sea and 
off the east coast of Canada. These 
activities are sometimes carried out in 
concert with a Canadian organization 
with the intent of enhancing 

Regions* Ocean Eng . Related to of Per cent 
R & D R&D Geoscience Total of Oceans 

Province Person Years Person Years Person Years R&D Eng. R & D 

Newfoundland 6.1 0 0 - -
Nova Scotia 17.3 7.1 (41 %) 2 . 0 11. 5 28 

Total 23.4 7.T (30 %) 2.0 8-:5 28 

*Inc ludes only those performers indicating ocean engineering as part of cold 
regions Rand D capabi lity. 

The inventory attempted to include all performers in 
cold regions research and development . Although NORDCO 
and C -CORE have very active programs, they are included in 
the government and uni versit y sec tors and are therefore not 
refl ected in the above data. 

Central Canada 

A total of twenty-nine industrial organizations indi cate 
an ocean engineering capabilit y in central Canada. Nine of 
these are located in Quebec and twenty in Ontario . Five of 
the Quebec organizations and seven in Ontario included work 
involving marine geosciences. The level of effort is 
summarized below: 

technology transfer to the Canadian orgar1ization. In the 
case of the Beaufort Sea, however, there is a lso a reverse 
tec hnology transfer related to the substantial Canadian 
capability in permafrost technology. Thus , while an operator 
experienced in the Gulf of Mexico environment may provide 
some tec hnology transfer in over water operations in the 
Arctic, he will enhance his own capability in cold regions 
activities and permafrost technology and reduce or eliminate 
the advantage that Canadian organizations might have had 
for exporting cold regions ocean engineering and geoscience 
tec hnology to other coun tries. 

The total tec hnical manpower represented by the 230 
organizations included in the survey is not indicated but is 

very likely in excess of 20 OOO. If the 

Total Cold 
Regions* 

R & D 
Person Years 

Total 
Ocean Eng . Related to 

Geoscience 
Person Years 

Per cent 
of Per cent 

assumption is made that research and 
development capability is a reflection 
of the capabi lity to investigate, 
analyze a nd design, the Canadian 
industr y capability will be severely 
strained in meeting the challenge of 
the next two decades . The level of 
effort directed by industry towards 
marine geosciences resear c h and 

Province 

Quebec 
Ontario 

Total 

Western Canada 

103 
298 
401 

R&D 
Person Years 

5.5 (5.3 %) 
30 (10 %) 
35.5 (8 .8%) 

5 . 0 
20 
25 

One organization in Manitoba and one in Saskatc hewan 
ind icated research and development capabilit y for ocean 
engineering but neither was involved with marine geoscience. 
The predominant activity is in Alberta and British Columbia 
but the British Columbia involvement is probabl y understated 
because of the co ld region orientation of the inventory. Most 
of the activity is indicated to be in Alberta with twenty-six 
organizations indicating resear c h and development capabilit y 
in ocean engineering of which sixteen are involved in marine 
geoscience. Sixteen organizations indicate research and 
development capability in ocean engineering in British 
Columbia but only five of these are involved in activities 
related to marine geoscience . A summary follows: 

Total Cold Total 
Regions* Ocean Eng . Related to 

R&D R&D Geoscience 
Province Person Years Person Years Person Years 

Alberta 284 47.5 (16.7 %) 38.2 
British 
Columbia 65 5.8 (8.9%) I. 5 

Total 349 53 .3 (15 .2%) 39 . 7 
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Total 
R&D 

4 . 8 
6.7 
D 

of Oceans 
Eng. R & D 

95 
66 
70 

development including geotechnical 
engineers, probably represents less 

than one-third of one per cent of the technical manpower of 
the organizations included in the inventory. 

CONTRACTING AND CONSUL TING -
WEST COAST - R. Mac Donald 

Projects in the offshore waters of western Canada 
requiring the services of people trained and experienced in 
the marine geosciences have not been numerous over the past 
several years . Almost all projects with funds available to 
contractors and consultants have been initiated by 
government and its agencies by direct action or regulation. 

Western Canada produces and 

Per cent 
exports considerable quantities of 
wood products and ore concentrates. 
A majority of pulp mills are located on 
tidewater and dispose wastes into the 
sea . Several mines are also located on 
tidewater and have been allowed to 
dump taili ngs and waste rock into 
seawater. In both cases, government 
regulation has required these wastes 
to be piped to depths offshore before 

of Per cent 
Total of Oceans 
R&D Eng. R & D 

13.4 81 

2.3 26 
11. 4 74 



release, thereby either increasing dilution of fluids in the 
case of pulp mill s or depositing solids into a more chemica lly 
stable environment than the subaerial in the case of mines. 
These pipeline projects have been a significant source of 
work even though somewhat sporadic . There is no increase 
foreseen in projects funded by local industry. 

Two major projects, neither of which are complete, 
have been undertaken by B.C. Hydro, a provincial c rown 
corporation . The power transmission group has let a contract 
to a consortium of STK (ITT-Norway) and Pirelli Cables 
(Italy) to lay two 500 kV circuits from the mainland to 
Vancouver Island. Exploratory route surveys have been 
carried out over the past six years . The final route 
engi neer ing survey was recently completed in preparation for 
the civil wor k, which is to start in the summer of 1981. The 
cables will be laid in the fall of 1982 and the spr ing of 1983 . 
The marine geology and geophysics was done by Thalassic 
Data Ltd. 

The second large project being undertaken by B.C. 
Hydro involves the natural gas distribution group. Again, the 
object is to supply energy to Vancouver Is land. Hydro's 
proposal is to lay a pipeline (or pipelines) across the southern 
Strait of Georgia, leavi ng the mainland from the Fraser 
Delta. The majority of the effort has been focussed on 
finding a route through the Gulf Islands. Possible problems 
with stability of the Fraser Delta fo reset have yet to be 
addressed. Work to date has been carried out by several 
contractors including Montreal Engineering, Williams Bros ., 
McE!hanney Surveying and Engineering, Dobrocky Seatech 
and Atmex Geophysics . Recently, consulting services in 
marine geophysics have been supplied by Thalassic Data Ltd . 

Two other large companies, Westcoast Transmission and 
Centennial Pipeline, were also contenders for the job, but a 
decision made just recently awarded the job to B.C . Hydro . 
West coast had done some fieldwork to outline the are a of 
their proposed c rossing from Powell River to a point on 
Vancouver Island just south of Comox. This work was done in 
1980 by Can Dive Services Ltd. In so far as the marine 
portion of the pipeline is concerned, there may have been 
some advantages from a slope stability point of view to the 
more northerly crossi ng. 

Another provinc ial crown cor poration , the B.C. Ferry 
Corporation, has in the past awarded con tracts to check 
proposed fer r y routes for uncharted reefs and possible 
problems with sediment transport. 

Government departments, throu gh eithe r lack of 
interest or activity, have not been significant sources of work 
in the marine geosciences on the west coast. Provincially, 
the Department of Highways has let a few contracts in the 
past. At the federal level, several large contrac ts have been 
let to study the impact of proposed encroachments on Fraser 
Delta wetlands in order to expand airport and shipping 
facilities. Little of this work has been of a geological or 
geophysical nature . Resource-based departments within the 
federal structure have let a few con tracts of interest but the 
majority of work is done in-house. The one contrac t of note 
was an offshore gravity survey done by McElhanney Surveying 
and Engineering in 1975. 

At the moment, there is enough work on the west coast 
to keep those who are presently involved in the marine 
geosciences active . However , when the B.C. Hydro projects 
are completed, there are no known projec ts of a simi lar 
magnitude being planned. A possibility for the future is 
renewed interest in offshore petroleum exploration a nd 
perhaps the requirement for marine geological and 
geophysical services in support of environmental monitoring 
and seafloor engineering . However, competition from 
companies a lready associated with the petroleum industry but 

not yet established on the west coast will be heavy . Federal 
Government contrac ts through resource based departments 
are unlikely to become significant to consultants in the 
marine geosciences unless there is a considerable change in 
attitudes and priorities. 

There are numerous companies based in Vancouver with 
renowned expe rtise in land based geotechnical engineering. 
With inc reasi ng numbers of projects being situated on 
tidewater or offshore, their need for marine expertise is 
inc reasing. However , the higher costs of marine work and, in 
some cases , bad experiences in the past, a re stiJJ keeping 
these com panies wary . Technological developments have 
great ly enhanced the quality of geophysical data to the point 
where valuable information can be reliably obtained in most 
c ir cumstances . Acceptance of the relatively junior 
companies specializing in marine geosciences by the 
established geotechnical communit y is happening and 
probably represents the best hope for the future. 

The waters of the west coast of Canada offer a 
laboratory for marine research and development with little 
equal. Deltas of large rivers and deep waters protected by 
the steep sides of fiords, both being accessible and usable on 
a year round basis a re two of the many featu res which could 
be used to advantage by industry. However, the marine 
geosciences from most points of view are in a decline on the 
west coast. A major study involving governments, industry 
and the universities may be a way of comi ng out of the 
doldrums. A nagging problem which presents itself in most 
offshore engineering projects is the stability of mari ne 
sediments. A study of this problem would involve all 
dis ci plines within the marine sciences and the results could 
be of major importance to several ongoing or planned large 
scale projects . 

ENGINEERING AND DESIGN - J.I. C lark 

The marine geoscience disciplines have an important 
ro le in the development of viable engineering designs for 
mar ine environments . An understanding of the geological 
processes and a know ledge of the significant engineering 
properties (strength and deformation characteristics, 
permeability, consolidation) of the seabottom materials is 
essential to the design of marine structures and facilities. 

Current projects in the planning stage, or in some cases 
already under development, include bottom founded 
exploration and production platform s, subbottom pipelines, 
tunnels, storage caverns and artificial islands. These 
installations may be required in several of the marine areas 
of Canada where geological conditions are complex and 
where properties of the material, with respect to design, are 
largely unknown. Permafrost and the presence of gas 
hydrates in the Beaufort Sea add to the complexity of that 
envi ronment. The location and properties of seabottom 
granular materials that can be used for const ruction purposes 
is not avai lable except for very localized a reas. 

One of the major stumbling blocks to obtaining detailed 
subbottom material properties is the exceptionally high cost 
of exploratory programs . This has necessitated very limited 
explora tory programs when com pared with the intensit y of 
investigation fo r simi lar projects on land. At best this leads 
to costly overdesign to accommodate variations in soi l profile 
and properties which may not have been detected by the field 
exploration work or at worst, designs which are not 
com patible with actua l conditions. At the same time it 
provides a powerful incentive to be able to extract 
meaningful engineering properties from other geoscience 
activities such as geophysical surveys and to develop more 
efficient and informative geotechnical exploration tools. 
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A review of other sections of this document indi cates 
that var ious government agencies have developed ver y good 
interdepartmental wor ki ng re la tionshi ps a nd have defined 
a reas of responsibilit y necessary for co-ordinated marine 
geoscience activities in all of Canada's marine environm ents . 
It would appear from these reports that a subs t a nti a l body of 
da ta and exper ience exists and that the st ructu re to control 
and regulate indus trial activit ies a nd to provide scienti fic 
baseli ne data in the marine environm ent is in place . What is 
missi ng is the geotechni cal data base required to develop or 
assess specif ic designs. Industr y has carri ed out si t e s pec ific 
studies re lated to specific projec ts, such as a rtifi cial islands 
in the Beaufort Sea . There is, however, 
no model nor a re dat a ava ilable to 
develop a model re lating the existing 
geoscie nce dat a base to signifi cant 
geotechnical design parameters . 

If the level of research a nd 
development effort by Canadian industry 
is accepted as an indication of the 
capability to undertake and implem ent 
e ngineering design in Canadian marine 

Industr y 
Federal Govt. 
Pro vincial Govt . 
Uni versit ies 

Tot a l 

environments, the technical manpower would appear to be 
insufficient to meet the demands of projects cu rrentl y in the 
planni ng stage. The total level of research and deve lopment 
effort re lated to marine geosciences was estim a ted to be 67 
person years in 1977, as reported for t he indust r y sector in 
the re port on the Inventor y of Cold Regions research a nd 
development as refere nced in the next sec tion . Thus, the 
capabilit y to regulate a nd control development in the 
Canadian marine envi ronment and to be able to provide 
baseline scientif ic data, as refl ected by the ac t ivi ties and 
interrelationships of various governm ent departments, is 
substantia l! y greater tha n our capabi li ty to develop a 
geotechn ical da ta base to coupl e with the marine geoscience 
data base so that it can be a pplied to solving engineer in g 
design problems, it may not be possible to achieve the 
objec tives fo r projects cur rently in the pl a nning st age . Thi s 
effort would invol ve : development of techni ques to enhance 
existing marine geoscience data , such as the der ivation of 
significant engineering properties from exist ing geophysical 
sur vey data; the development of geological/geotechnica l 
models for different marine geological setti ngs ; improvement 
in sampling and in situ t estin g tec hniques to become more 
cost effective and an accelerated program of geotechnica l 
investigations in the a reas most promising fo r development. 
Implementation of the required program would requi re 
signif icant new funding by both government a nd industr y* . 
This funding will be require d to support the gatherin g of 
essentia l marine geoscience data but it must a lso expand the 
data base for geotechnical e ngineering and design . Man y of 
the scienti fic programs carried out can be inc rementa ll y 
expanded to provide hard geotechnical data a t comparati vely 
little extra cost. Examples of the t ype of geotechnical data 
requi red and the application of these data to engineering 
design a re included in the Proceedings of the First Canad ian 
Conference on Marine Geotec hni cal Engineering held in 
Calgary in April, I 979, avai lable through t he Canadian 
Geotec hni cal Society. 

In Februa r y 1981, the Subcommittee on Soi l and Rock 
Engineerin g of the Associate Committee on Geotechnica l 
Researc h of the National Researc h Countil presented a 
repor t to the Associa t e Com mittee whi ch conta ined a repo rt 
prepared by the Task Force on Mar ine Geotechnology in 
Canada. The Task Force esta bli shed by the Subcom mittee 
was chai red by Dr . P .G . Sly (Environment Canada ). The 
report identifies important research a nd development needs 
in the field of marine geotechnology and di scusses alte rna tive 

research and development strategies that could be adopted to 
en hance the research a nd development effort in Canada . The 
report proposes that consideration be give n to th e formation 
of a n inde pendent corpor ation supporte d joi ntl y by indust r y 
a nd govern ment in whi ch there would also be an im portant 
contributi on from the university communit y. Such an 
undertaking would appear to fit with the research and 
development poli cy as stated by the Ministry of State for 
Science and Techno logy, a nd might well serve as the vehi cle 
for the geotechni cal researc h a nd development thrus t 
re quired to support Canadian ma rine activ ities in the comi ng 
decades. 

Sources of Funding Performers of Research 
Present ( 1979) By 1985 

(%) (%) 
35 .8 50 .0 
38 .9 33 .3 
6 .9 6. 6 
4 .4 2.5 m billion m bil lion 

Present 
~ 

44 .2 
25 . 5 
3.6 
0.8 

By 1985 
(%) 
63 .0 
15.6 
2.5 
0 .5 

No indicati on is give n fo r t a rget expenditures by appli cation 
a rea fo r I 985 . The c urre nt science and technology 
expenditures for research and development indicate that 
a bout 2.5 per cent is a llocat ed to "Oceans". 

THE SEABED PROJECT - R .W. Hutchins 

Editorial Note 

Thi s project has been referred to by several 
con tributors to this report. It is a n outstanding example (and 
one of ver y few) of what can be done, a nd should be done, in 
the way of government - industry - uni versity li a ison. As a 
conseque nce, the editors fe lt that det a il s of this project 
would be of conside rable inte rest to readers of thi s report . 

The Project 

The Seabed Projec t is a mult idisci plinary, mission 
directed, research and development program. It was begun in 
I 974, to develop a more cost effecti ve methodology of 
maki ng superi or qualit y hi gh- resolution maps of the first 
200 metres of the seaf loor , under the ki nds of weather a nd 
sea conditions gene ra ll y fou nd ove r Canada 's continent a l 
she lves a nd mar gins . The project is based on concepts put 
forward by Huntec ('70) Limited under a n unsoli cited 
proposal , a nd has been carried out by proj ect teams of 
sc ienti st s a nd engineers from Huntec, from Memor ial a nd 
other universi ties, from the Atla ntic Oceanographic 
La boratory, Defen ce Research Establishment Atlanti c a nd 
the National Research Counci l, Di vision of Electrical 
Engineerin g. 

Scientific direction for the projec t and the core 
research group, consist s of user scientists Jed by L.H. Ki ng, 
of the Atl a nti c Geoscie nce Centre of EMR, a nd scienti st s and 
engineers from Huntec ('70) Limited based at BIO a nd a t 
Toronto. A resident resea rc her from !KU (Jnstitutt for 
Kontinenta lso kke lundersokelser - continental she lf Insti tu te) , 
Norway, joined L.H . King's group at AGC for one year . 

The proj ect is pa rti c ularl y noteworthy due to its 
success in bringing togethe r and obtaining the ongoing 
comm itment of indi vidua ls with different institutional 
affiliations to contr ibute towards a common objective. 
Durin g the program an estimated 70 OOO kilometres of data 
on the Canadian shelf has been acquir ed unde r the Regional 
Geological Ma pping Program conducted by AGC . Funding for 
the program has bee n provided by Departments of Energy, 

* Author's addendum : Jn Janua ry 1981, the Minist r y of State for Science and Technology 
reaffirmed the governm ents national target for research a nd development at 1. 5 pe r cent of GNP 
and indi cated a fram ewor k that will see ma jor shifts in sources of funds and performers of 
researc h as well as a substanti al inc rease in fundin g level. Both sources of fun di ng and 
perform ers of researc h are to change as indi cated in the followi ng t ables. 
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Mines and Resources; Fisheries and Oceans ; National 
Defence; Supply and Services through the Unsolicited 
Proposal Fund and from the National Research Council. The 
work at Memorial University was funded by subcontract 
through Huntec and by a Strategic Grant of the Natural 
Sciences and Engineering Research Council. 

Quant itative Acoustic Remote Sensing of the Seafloor 

Digital signal processing applied to the inversion of 
multichannel seismic data to produce frequency depth 
spectra, velocity depth spectra, and other geological 
parameters is a well established and highly developed 
methodology for deep seismic exploration. More recently the 
method is used for intermediate penetration high resolution 
multichannel systems. 

The re search described below has applied digital signal 
processing at sampling ra tes up to 50 ki lohertz, to inversion 
of very high resolution seismic data, to estimate the 
parameters of geoacoustic scattering models - known as 
refl ectivity metrics . 

Reflectively metrics produced in real time together 
with the graphic recordings are effective in identifying 
lithostratigraphic boundaries; for studyi ng the hardness, 
variability, stability, depth and type of overburden on the 
seafloor and for mapping the acoustic properties of sediments 
at depth . Ref lectivity metrics have also been used as the 
parameters in forward modelling to determine the 
propagation of sound in the ocean . 

This note describes new developm ents and cu rrent 
research in quantitative acoustic remote sensing of the 
seafloor and subbottom units carried out under the Seabed 
Project. The methodology utilizes speciall y designed seismic 
reflection profiling equipment deployed in an underwater tow 
fish a nd digital signa l processi ng methods developed under 
the project over the last five yea rs. During this time it has 
been used in conjunction with other methods as a 
lithostratigraphic mapping tool in support of studies of the 
surficial geology of the eastern Canadian shelf 1 2 3

• The 
technology provides the seafloor e ngineer a nd marin e 
geologist with relevant information not available from other 
underway methods. In add ition, it has a large potential for 

90 

further improvement through continued research. The 
method is based upon the inversion of single-channel seismic 
dat a to produce "reflectivitj' metrics" along the line of 
advance of the tow fish 4 5 6 

• A reflectivity metric is the 
measure of a particular parameter of a geoacoustic model, 
for example a semi-infinite two layer model. Examples of 
reflectivity metrics are the water depth; the acoustic 
impedance through measurement of reflectivity; small scale 
bottom roughness through measurement of scatte red energy; 
depth and reflectivi t y of the first subbottom layer and 
frequency dependent acoustic attenuation within the 
overburden material. Each reflectivity metric is calculated 
from the reflection time series ; the source function which is 
a mathemati cal descri ption of the spatia l time distribution of 
the acoustic wavelet produced by the source; and the depth, 
a ttitude and vert ical velocity of the tow fish obtained from a 
sensor package in the tow fish 8 • 

Each reflectivity metr ic is sensitive to a particular 
fea ture or cha racteristi c of the seafloor, and thus, may be 
used directly for preparation of maps for specialized 
purposes. The statisti cal properties of the reflectivity 
metrics are in themselves a measure of the degree of 
variabi lity, and have proved particularly useful in the design 
of more effecti ve sampling programs, resulting in substantial 
savings in the overall cost and time required to complete the 
survey of an area . Reflectivity metrics, combi ned in a 
prescribed way, form a feature vector, which through the use 
of pattern recognition methods, is used to discriminate 
between the different lithological units identified through a 
sampling program 9 • 

Finall y, reflectivity metrics obtai ned by inversion are 
being used as the parameters for fo rwar d modelling, to 
predict the propagation pattern of sound in the ocean for a 
variety of defence pu rposes 10 11

• 

At the present state of development, some reflectivity 
metrics a re calculated on line and displayed alongside the 
graphic recordings of the seismic section 4 • Work is underway 
to develop improved software for online calculation and 
display of those reflectivity metri cs which at present must be 
computed from tape recorded data as an off line operat ion, 
a nd to extend the technique to multichannel data to estimate 
sound speed depth spectra using wide angle reflection. 



SELECTED BIBLIOGRAPHY 

PREFACE 

1. Neale, E.R.W ., Clague, A.C ., and 
Wynne-Edwards, H.R. 

197 5: Geosciences in Canada 1974; Status Report 
prepa red by the Canadian Geoscience 
Council; Geological Survey of Canada, 
Paper 75-6, 51 p. 

OVER VIEW, CONCLUSIONS AND RECOMMENDATIONS 

1. Sly, P ., Shields, D., and Mulligan, V. 
1981: Report: Task Force on Marine 

Geotechnology in Canada, presented to the 
Associate Committee on Geotechnical 
Research, L. Gold, Chai rm a n. 

INTRODUCTION 

Canada's marine areas : G.E. Reinson 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Bostock, H.S. 
1970: Physiographic subd ivi sions of Canada, in 

Geo logy and Economic Minerals of Canada, 
ed . R .J .W. Douglas; Geological Survey of 
Canada, Economic Geology Report, no. I, 
p. 9- 30. 

Canadian Hydrographic Service 
1970: Pilot of Arctic Canada, v. I; Fisheries and 

Marine Service, Environment Canada, 
Ottawa. 

Tide and Current Tables, 6 volumes; 
Fisheries a:1d Marine Service, Environment 
Canada , Ottawa. 

Cooper, E.J., McColl, R.E., and Smith, F. 
1971: Measurements of Canada's Coastline; 

Canadian Hydrographic Service, unpublished 
manuscript (cited in Owens, 1977). 

Douglas, R.J.W ., ed. 
1970: Introduction, in Geology and Economic 

Minerals of Canada; Geological Survey of 
Canada, Economi c Geology Report, no. 1, 
p. 1-8 . 

Rand McNally & Co. 
1978: Goode's World Atlas, 15th Edition . 

Inman , D.L. and Nordstrom, C.E . 
1971: On the tectonic 

classification of coasts ; 
v . 79, p. 1-21. 

Owens, E.H. 
1977: Coastal environments 

impact and cleanup of 
and Environment 
EPS-3-EC-77-13. 

and morphologi c 
Journal of Geology, 

of Canada: the 
oil spills; Fisheries 

Canada, Report 

The earth sciences at sea: some observations on Canadian 
accomplishments: M .J. Keen 

1. Amos, C.L. and Alfoldi, T .T. 
1979: The determination of suspended sediment 

concentration in a macrotidal system using 
Landsat data; Journal of Sedimentary 
Petrology, v. 49, p. 159-1 73. 

2. 

3. 

4. 

5. 

Amos, C.L. and Long, B.F .N. 
1980: The sedimentary character of Minas Basin, 

Bay of Fundy; in The Coastli ne of Canada, 
ed. S.B. McCanrl; Geological Survey of 
Canada, Paper 80-10, p. 123-152. 

Arctic Petroleum Operators' Association 
1971 : Geological sampling a nd a nalytical 

program - Beaufort Sea; APOA project no. 4 
compi led by M.M. Lerand, Gulf Oil Canada . 

Aumento, F., Ade- Hall, J.M., a nd Keen, M.J. 
1975: 1974 - The year of the Mid-Atlanti c Ridge; 

Reviews of Geophysics, v. 13, p. 53- 66. 

Aumento, F ., Loncarevic, B.D., and Ross , D.I. 
1971 : Hudson geotraverse: geology of the Mid

Atlantic Ri dge at 45°N; Philosophical 
Tra nsactions of the Royal Society of 
London , Series A, v. 268, p. 623- 650. 

6. Barr, S.M. and Chase , R .L. 
1974: Geology of the northern end of Juan de Fuca 

Ridge and sea-floor spreading; Canadian 
Journa l Earth Sciences, v . 11, p. 1384-1406. 

7. Barrett, D.L. and Keen, C.E. 
1976: Mesozoic magnetic li neations, the magneti c 

quiet zone, and seafloor spreading in th e 
northwest Atlanti c ; Jou rna l of Geophysical 
Research, v. 81, p. 4875-4884 . 

8. Barss, M.S., Bujak, J .P. , and Willi ams, G .L. 
19 79: Palynological zonation and correlation of 

sixty-seven wells, eastern Canada; 
Geological Survey of Canada, Pape r 78- 24. 

9. Beaumont, C . , Keen, C .E., a nd Boutilier, R. 
On the evolution of ri fted continental 
mar gi ns - comparisons of models and 
observations for the Nova Scotia margin; 
Geoph ysical Journal. (in press) 

10. Bowen, A.J. 

11. 

1980: Simple models of nearshore sedimentation; 
beach profiles a nd longshore bars; in The 
Coastline of Canada, ed . S.B. Mccann; 
Geological Survey of Canada, Paper 80-1 O, 
p. 1-11. 

Bower , M.E. 
1961: Sea magnetometer surveys of the Grand 

Banks of Newfoundland, Burgeo Bank and 
St. Pierre Bank; Geological Surve y of 
Canada, Paper 61-30. 

12. Buckley, D.E., Owens, E.H., Schafer, C.T., Vilks, G., 
Cranston, R.E., Rashid, M.A ., Wagner, F.J .E ., and 
Walker, D.A. 

1974: Canso Strait and Chedabucto Bay: a multi
disciplinary study of the impact of man on 
the marine environment; Geological Survey 
of Canada, Paper 74-30, v. 1, p. 133-160. 

13. Chase, R.L., Tiffin, D.L., and Murray, J.W. 
197 5: The western Canadian continental margin; 

Canadian Soc iety of Petroleum Geology, 
Memoir 4, p. 701-721. 

91 



14. 

15. 

16. 

17. 

18 . 

19. 

20. 

21. 

22. 

23. 

24 . 

25. 

26. 

92 

Cheung, H .P.Y. and Clowes, R .M. 
1981 : Cr us tal Structure from P- a nd S-wave 

a na lyses: ocean bottom seismometer results 
in the NE Pacific ; Geophysical Journal, 
v. 65, p. 47- 73. 

Clague, J.J. , Gardner, R .H., Ri cker , K.E., and 
Donle y, M.W. 

1977: Bibliography of marine geoscience 
informa t ion, Pacific regions of Canad a 
1900-1976; Geologica l Survey of Canada, 
Paper 77- 22, 43 p. 

Clague, J .J. a nd Lut e rmauer, J .L. 
1982: Excursion 30A: Late Quaterna r y sedi

ment ar y environments, southweste rn Bri tish 
Columbia; Guidebook I lth International 
Congress on Sedimentology, McMaster 
University, Ham il ton, Ont ., Aug. 22-27, 
1982. 

Clarke, D.B. 
1970: Tertiary basalts of Baff in Bay: possible 

prim ary magma from the mantl e; 
Contributions to Mi ne ralogy and Petrolo gy , 
v. 25, p. 203- 224 . 

Croasdale, K.R. and Marce llus, R .W. 
1978: Ice and wave action on art ificial islands in 

the Beaufort Sea; Canad ia n Jou rnal of Ci vi 1 
Engineering, v. 5, p. 99-11 3. 

Dahl, W .H. 
1925: Tertiary fossi ls dredged off t he northeastern 

coast of North Amer ica; American Journal 
of Science, Series 5, v. 10, p. 213-21 8. 

Dainty, A.M., Keen, C .E ., Keen, M.J ., and 
Blancha rd, J.E. 

1966: Review of geophysical ev idence on crust and 
upper mantle structure on the eastern 
seaboard of Canada ; in The Eart h Beneath 
the Continents , ed:- J .S. Steinhart and 
J .J . Smith; American Geophysical Union, 
Washington, D.C ., p. 349- 369 . 

Dalrymple, R .W., Knight, R .J ., and Middleton, G.V. 
197 5: In tertidal sand bars in Co be quid Bay, (Bay of 

Fundy); Estuarine Research, v. 2, 
p. 293-307. 

Dawes, P .R . a nd Kerr, J .W., ed . 
1982: Nare s Stra it and the Drift of Greenland: A 

Conflic t in Plate Tecton ics ; Meddelelser om 
Gronland, Geosc ience 8. 

Drapeau, G. 
1970: Sand waves on Brown's Bank observed from 

the Shelf Diver ; Mari time Sediments, v . 6, 
p. 90-101. 

Eaton, R .M., Wells, D.E ., and Stuif bergen, N. 
1976: Satellite nav igation in hydrography; 

Eliuk, L.S. 
1978: 

International Hydrographic Review, v . 53, 
p. 99- 11 6. 

The Abenaki Form ation, Nova Scotia Shelf, 
Canada - a deposit iona l and diagene ti c 
model for a Mesozoic ca rbonate platform; 
Bu llet in of Canadian Petro leum Geology, 
v . 26 , p . 424- 514. 

Energy, Mines and Resources Canada 
1979: Offshore explqration: information and pro

cedures fo r offshore operators ; Resource 
Management Branc h, Report EI79-4, 105 p. 

27 . 

28 . 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

Fader , G., King, L.H., a nd Josenhans, H. 
Surfic ial geo logy of the Lau rentian Channel 
and the western Gra nd Banks of 
Newfoundland; Geological Survey of 
Canada, Pape r . (in press) 

Fortier, Y .O . a nd Morl ey, L.W . 
1956: Geological unity of the Arctic Isla nds ; 

Transactions of the Royal Society of 
Canada, Series lll, v. 50, p. 3-12. 

Fyfe, W .S . 
198 1: The env ironmenta l c ris is : quantifying 

geosphere interactions ; Science, v. 213, 
p. 105-109 . 

Given, M.M. 
1977: Mesozoic a nd Cenozoic geology of offshore 

Nova Scotia; Bulletin of Canadian 
Petroleum Geology, v . 25, p. 63-9 1. 

Godby, E.A ., Baker, R .C ., Bower , M.E., a nd Hood, P .J . 
1966: Aeromagnetic rec onnaissance of the 

Labrador Sea; Journal of Geophysical 
Research, v. 71, p. 511- 517 . 

Goldie, R. a nd Bottrill, T.J. 
1981: Seminar on sea- f loor hyd rothe rm a l systems; 

Geosc ie nce Canada, v. 8, p. 93- 104 . 

Gradstein, F .M., Williams, G .L., Jenkins, W .A .M . , and 
Ascoli, P . 

197 5: Mesozoic and Cenozoic st ratigraphy of the 
Atlantic continental margin, Eastern 
Canada; Canadian Society of Pet roleum 
Geologists, Memoi r 4, p. l 03-1 31. 

Grant, A.C. 
1969: Some aspects of the bedrock geology of 

Hudson Bay as inte rpreted fro m contin uous 
seismic reflection prof il es; Geological 
Su rvey of Canada, Paper 68- 5 3, p. 136-14 3. 

1972: The cont inental margin off Labrador and 
eastern Newfoundl a nd - morphology and 
geology; Canad ian Journal of Earth 
Sciences, v. 9, p. 1394-1430. 

Greenwood, B. and Hale, P.B. 
1980: Depth of activity, sediment flux, and 

mor phological change in a barred nearshore 
environment ; in The Coastline of Canada, 
ed . S.B. McCann ; Geological Survey of 
Canada, Paper 80-10, p. 89-1 09. 

Hawort h, R.T. 
1981: Geophysical expression of Appalachian

Ca ledoni de st ructu re on the continenta l 
margins of North America; Canadian 
Society of Petroleum Geologists , Memoir 7, 
p. 429-446. 

Hobson, G.D. 
1968: Sedimentary seismic sur veys over the wat e r 

and lowlands of the Bay; in Science, History 
and Hudson Bay, ed . C .S.Beals ; Department 
of Energy, Mines a nd Resources , v. 2, 
p . 615- 628 . 

Hobson, G .D. a nd Voyce , J . 
1978: Titles and abst racts of scientif ic pa pers 

supported by PCSP; Polar Cont inental She lf 
Project, No. 3, cat alogue no. M 78- 5/ 1978 . 
Supply and Services Canada, Ottawa, Ont . 



40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

52. 

Hood, P.J. 
1964: Sea magnetometer reconnaissance of 

Hudson Bay; Geophysics, v. 29 , p. 916-921. 

1966: Geophysical reconna issance of Hudson Bay; 
Geological Sur vey of Canada, Paper 65- 32. 

1969: Earth science symposium on Hudson Bay; 
Geological Survey of Canada, Paper 68- 53, 
385 p. 

1973: Earth Science symposium 
easte rn Canada; Geological 
Canada, Paper 71-23, 652 p. 

on offshore 
Survey of 

Hunter, J.A.M. a nd Blasco, S.M . 
1979: Hi gh resolution geophys ics in Canada - a 

re view; Proceedings, Fi rst Canadian 
Conference on Marine Geotechnical 
Engineering, Calgary, Alberta, April 1979, 
p . 95-1 24. 

Hunter, J .A.M., Judge, A.S., Macaulay, H.A., 
Good, R.L. , Gagne , R .M., a nd Burns, R .A. 

1976: Permafrost and fro zen su b-seabottom 
materials in the southe rn Bea ufort Sea; 
Department of the En vironme nt , Beaufort 
Sea Technical Report no . 22, 174 p. 

Hunter, J .A.M., Neave, K.G. , Macaulay, H.A., a nd 
Hobson, G .D. 

1978: Interpretat ion of sub-seabottom permafrost 
in the Beaufort Sea by se ismic methods, 
Parts 1 and 2; Proceedings, Third 
Internationa l Confe rence on Permafrost, 
Edmonton. National Resea rch Council of 
Canada , Ottawa, Ont., v. 1, p. 515-526 . 

Hunt ley, D. A. 
1980: Edge waves in a c rescenti c bar system; in 

The Coast line of Canada , ed . S.B. McCanil; 
Geological Survey of Canada, Paper 80-1 0, 
p. 111-1 21. 

Hyndm an, R .D. 
197 5: Marginal basins of the Labra dor Sea and the 

Davis Strait hot spot; Canadian Journal of 
Earth Sciences, v. 12, p . 104 1-1 045 . 

Hyndman, R .D. a nd Drury, M.J. 
1976: The physical properties of oceani c basement 

rocks fr om deep drilling on the Mid-Atl anti c 
Ridge; Journal of Geophysi c al Resea rch, 
v. 81, p. 4042-4052 . 

Hyndman, R.D. a nd Rogers, G.C . 
198 1: Seismicity surveys with ocean 

seismographs off western Canada ; 
of Geophysi cal Research, 
p. 3867-3880. 

Jackson, H., Reid, I. , and Falconer, R. 

bottom 
Journa l 

v . 86; 

Crustal structure near the 
Ocean Ridge; Journal of 
Resear c h. (in press) 

Arc ti c Mid
Geophysical 

Jansa, L.F., Enos, P., Tuc holke, B.E., Gradstein, F.M ., 
and Sheridan, R.E. 

1979: Meso zoic-Ceno zoic sedimentary formations 
of the North Ameri can Basin : western 
North Atla nti c; in Deep Drilling Results in 
the Atlantic Ocean: Continental Ma rgins 
and Paleoenv ironme nt, ed . M. Ta lwani, 
W. Hay , and W.B.F. Ryan; Maurice Ewing 
Seri es 3, American Geophysical Union, 
p. 1-57. 

53. 

54. 

55. 

56. 

57. 

58. 

59 . 

60. 

61. 

62. 

63. 

64. 

J a nsa, L.F. and Wade, J. A. 
197 5: Geology of the continental margin off Nova 

Scotia and Newfoundland; Geological urvey 
of Canada, Paper 74-30, v . 2, p. 5 1-1 05 . 

Johnston, W .A. 
192 1: Sedime ntation of the Fraser Ri ver Delta; 

Geological Survey of Canada, Memoir 125 . 

Jones , P .B., Brache, J. , a nd Lent in, J .K. 
1980: The geo logy of the 1977 offshore hydro

carbon discoveri es in the Beaufor t
Mac Kenzie Basin, N.W .T.; Bulletin of 
Canadian Petroleum Geology, v. 28, 
p. 81 -1 02 . 

Keen, C .E. 
1979: The rm al history a nd subsidence of rifted 

continental margins - evidence from well s 
on the Nova Scotian and Labrador She lves ; 
Canadian Journal of Earth Sciences, v. 16, 
p . 505- 522 . 

Keen, C .E. , Barrett, D.L. , Manchester, K .S., and 
Ross, D.I. 

1971: Baffin Bay: an Ocean; Nature, v. 229, 
p. 551-553. 

Keen, C .E. a nd Hyndm an , R.D. 
1979: Geophysical re view 

margins of eastern 
Canadian Journal of 
p. 71 2-747 . 

Keen, C .E. a nd Tramontini, C . 

of the continental 
and western Canada; 
Ear t h Sciences, v. 16, 

1970: A seism ic refraction survey on the Mid
At lant ic Ridge; Geophysical Journal, v. 9, 
p. 159- 163. 

Keen, M.J ., Johnson, J . , a nd Park, I. 
1972: Geophysical a nd geological st udies in east

e rn and northern Baffin Bay and Lancaste r 
Sound; Canadian Journal of Earth Sciences, 
v. 9, p. 689-708 . 

Keen, M.J ., Loncarevic, B.D ., and Ewi ng, G .N. 
I 970: Contine ntal margin off eastern Canada; 

Georges Bank to Ka ne Basin; in The Sea, 
Wil ey- lnte rscience, v. 4, p. 251 - 291. 

King, L.H. 
1967: On the sediments and st ratigraphy of the 

Scotian Shelf; Geological Assoc iation of 
Canada , Special Paper 4, p. 71- 92 . 

King , L.H. and Fade r, G .B. 
1976: Appli cati on of the Huntec deep tow high

reso lut ion seis mi c system to surficial a nd 
bedrock studies - Grand Banks of 
Newfoundland; in Report of Activit ies , 
Part C; GeologlCai Survey of Canada, 
Pape r 76-lC, p. 5-7. 

King, L.H. and Mac l ean, B. 
1970: Observations on a Cretaceous outcrop from 

a submersible - Scotian She lf; Canadian 
Journal of Earth Sciences, v . 7, p. 188-190. 

65. 1976: Geology of the Scotian Shelf a nd adjacent 
areas; Marine Sciences Branc h, Paper 7, and 
Geological Sur vey of Canada, Paper 74- 31, 
31 p. 

66. La ne , F.H. and Jackson, K.S. 
1 980: Contro ls on occurrence of oil and gas in 

the Beaufort-Mackenzie Basin; Canadian 
Society of Petroleum Geologists, Memoir 6, 
p. 489- 507 . 

93 



67. 

68. 

69. 

70. 

71. 

72. 

73. 

74. 

75. 

76. 

77. 

78. 

94 

Larochelle, A. and Morley, L.W. 
1964: Paleomagnetism as a means of dating 

geological events; Royal Society of Canada, 
Special Publication, no. 8, p . 39-51. 

Law, L.K. and Greenhouse, J .P . 
Geomagnetic variation soundi ng of the 
asthenosphere beneath the Juan de Fuca 
Ridge; Journal of Geophysical Resea rc h. 
(in press) 

Lefort, J .P . and Haworth, R.T. 
1978: Geophysical stud y of basement fractures on 

the western European and eastern Canadian 
shelves: transatlantic corre lation, and late 
Hercyni a n movemen ts ; Canadian Journa l of 
Earth Sciences, v . 15, p. 397-404 . 

Lewis, C.F .M. 
1978: The frequency and magnitude of drift-ice 

groundings from ice-scour tracks in the 
Canadian Beaufort Sea; in Proceedings of 
the Fourth International Conference on Port 
a nd Ocean Engineering under Arctic 
Conditions, Me morial University of 
Newfoundland, p . 568 - 579 . 

Lewis, C .P. and Forbes, D.L. 
197 5: Coastal sedimentary processes and 

sediments, southern Canad ian Beaufor t Sea ; 
Department of the Environment, Beaufort 
Sea Report no . 24, 68 p. 

Loncarevi c, B.D., Mason, C .S., and Matthews , D.H . 
1966: The Mid-Atlantic Ridge near 45°North I. 

The median valley; Canadian Journal of 
Earth Sciences, v. 3, p. 327-349 . 

Loring, D.H . 
197 5: Surficial geology of the Gulf of 

St. Lawrence; in Offshore Geology of 
Eastern Canada,ed. W .J . van der Linden and 
J.A. Wade; Geological Survey of Canada , 
Paper 74-30, v. 2, p. 11-34. 

MacKay, J .R. 
1972: Offshore permafrost 

southern Beaufort Sea, 
Jou rnal of Earth 
p. 1550-1561. 

and ground ice, 
Canada; Canadian 

Sciences, v. 9, 

1981: Dating the Horton Ri ver breakthrough, 
Distric t of Mac ken zie ; in Cur rent Researc h, 
Part B, Geological Survey of Canada, 
Paper 8 1- lB, p. 129-132. 

Maclean, B., Falconer, R., and Lev y, E. 
Geological, geophysical and c hemical 
evidence for natural seepage of petroleum 
off the northeast coast of Baffin Is land; 
Bulletin of Canadian Petroleum Geology. 
(i n press) 

Mac lea n, B., Jansa, L.F., Falconer, R.K.H., and 
Srivastava, S.P. 

1977: Ordovician strata on t he southeastern Baffin 
Island Shelf revealed by shallow drilling; 
Canadian Journa l of Earth Sciences, v. 14 , 
p. 1925- 1939. 

Mccann, S.B. 
1979: Barr ier islands in the southe rn Gulf of 

St. Lawrence, Canada; in Barrier 
Islands - from the Gulf of St.La wrence to 
the Gulf of Mexico , ed. S.P. Leatherman; 
Academic Press, Inc ., p. 29-63 . 

79. McCann, S.B., ed . 
1980: The Coastline of Canada; Geological Survey 

of Canada, Paper 80-10, 437 p. 

80. McCrossan, R .G. 
1973: The Future Petroleum Provi nces of 

Canada - Their Geology and Potential; 
Canadian Society of Petroleum Geologists, 
Memoir 1, 720 p. 

81. Mc iver, N .L. 
1972: Mesozoic-Ce no zoic strati graphy of the 

Scotian Shelf; Canadian Journal of Earth 
Sciences, v. 9, p. 54- 70. 

82. McLa ren, P. 
1980: The coast a l morphology and sedimentology 

of Labrador: a study of shoreline sensitivit y 
to a potential oi l spill; Geological Survey of 
Canada, Paper 79-28, 41 p. 

83. McMillan, N.J . 
1973: Labrador Sea a nd Baffin Bay; Canadian 

Societ y of Petroleum Geologists, Memoir 1, 
p. 473- 518. 

84. Mc Whae, J .R.H. a nd Michel, W.F.E. 
1975: Stratigraphy of Bjarni H-81 and Leif M-48, 

Labrador Shelf; Bulletin of Canadian 
Petroleum Geology, v . 23 , p. 36 1-382. 

85. Mi all, A.D. 
1980: Facts a nd principles of world petroleum 

occurrence; Canadian Society of Petroleum 
Geologists, Memoir 6, 1003 p. 

86. Monger, J.W .H. and Price, R.A. 
1979: Geodynamic evolution of the Canadian 

Cordillera - progress a nd problems; 
Canadian Journal of Earth Sciences, v . 16, 
p. 770- 791. 

87. Neave, K.G., Judge, A.S., Hunter , J.A.M., a nd 
MacAulay, R.H. 

1978: Offshore permafrost distribution in the 
Beaufort Sea as determined from 
tempera ture and seismic observations ; in 
Curre nt Research, Part A, Geological 
Survey of Canada, Paper 78-lA, p. 13- 18. 

88. Normark, W.R., Piper , D.J.W., and Hess, D.R . 
1979: Distr ibutar y channels, sand lobes, and 

mesotopography of Navy submarine fan, 
California Borderland, with appli cat ion to 
ancient fan sediments; Sedi mentology, v. 26, 
p . 749- 774 . 

89. Off icer, C.B. a nd Ewing, M. 
1954: Geophysical investigations of the eme rged 

a nd submerged At lanti c coastal plain, 
Part VII; Geological Society of America, 
Bulletin v. 65, p. 653- 670. 

90. Oldenburg, D.W. 
1981: Conducti vi t y structure of oceanic upper 

mantle beneath the Pacific plate; 
Geophysical Journal, v. 65, p. 359-394. 

91. Owens, E.H. 
1974: A framewor k for the definition of coastal 

e nvironments in the southern Gulf of 
St. Lawrence; Geological Survey of Canda, 
Pa per 74-30, p. 47-76. 



92. Owens, E.H., Taylor, R.B., Miles, M., a nd Forbes, D.L. 
1981: Coastal geology mapping: an example from 

the Sverdrup Lowland, Distri ct of Franklin; 
in Current Research, Part B, Geological 
Survey of Canada, Paper 81- IB , p. 39-48. 

93. Parrott, D.R ., Dodds, D.J., King, L.H., a nd 
Simpkin, P.G . 

1980: Measurement and evaluation of the acoustic 
reflectivity of the sea floor; Canadian 
Journal of Ear th Sciences, v. 17, p . 722-737. 

94. Pelletier, B.R. 
1966: Development of submarine physiography in 

the Canadian Arctic and its relationship to 
crustal movements; in Continental Drift, 
ed . G .D. Garland; Royal Society of Canada, 
Special Publication, no . 9, p. 77-10 1. 

95. 197 5: Sediment dispersal in the southern Beaufort 
Sea; Beaufort Sea Project, Environment 
Canada; Beaufort Sea Technical Report 
no. 25a, 80 p. 

96. 1979: Review of surfi cial geology and engi neer ing 
hazards in the Canadian offshore; Maritime 
Sediments, v. 15, nos. 2 and 3, p. 55-91. 

97. Powell, T.G. and Snowdon, L.R . 
1979: Geochemistry of c rude oils and condensates 

from the Scotian Basin, offshore eastern 
Canada; Bulletin of Canadian Petroleum 
Geology, v. 27, p. 453- 466. 

98. Press, F. a nd Beckmann, W. 
1954: Geophysical investigations in the emerged 

and submerged Atlantic coastal plai n. 
Part III; Geological Societ y of America, 
Bulletin v. 65, p. 299- 314. 

99. Purcell, L.P. , Umpleby, D.C ., and Wa de, J .A. 
1980: Regional geology and hydrocarbon 

occurrences off the east coast of Canada; 
Canadian Society of Petroleum Geology, 
Memoir 6, p. 551 - 566 . 

100. Q uinla n , G . and Beaumont, C . 
1981: A com parison of observed and theoretical 

post glacial relative sea level in Atlanti c 
Canada; Canadian Journal of Earth 
Sciences, v. 18, p. 1146-11 63. 

101. Rashid, M.A. and McA!ar y, J.D . 
1977: Early maturation of organic matter and 

genesis of hydrocarbons as a resul t of heat 
from a sha ll ow piercement salt dome; 
Journal of Geochemical Exploration, v. 8, 
p. 549-569 . 

102. Reinson, G .E. 
1979: Facies mode ls 6. Barrier island syst em ; in 

Facies Models, Geoscience Canada, Reprint 
Series I, ed . R.G. Walker, p. 57- 74. 

103. Ricker, W .E. 
1975: The Fisheries Research Board of 

Canada - sevent y-fi ve years of 
achievements; Journal of Fisheries Resea rch 
Board of Canada, v. 32, p. 1465-1 490. 

104. Ri cketts, N.G. and Trask, P.O. 
19 32: The "Marion" Expedition to Davis Strait and 

Baffin Bay 1928 . Scientific results, part I: 
the bathymetry and sediments of Davis 
Strait; U.S. Treasury Depa rtment , Coast 
Guard Bulletin no . 19. 

105. Riddihough, R.P . 
1977: A model for recent plate interactions off 

Canada's west coast; Canadian Journal of 
Earth Sciences, v . 14 , p. 384- 396. 

106. Ruffman, A.S., Hobson, G.D ., and Keen, M.J . 
1968: A seismic study of the crust and mantle 

beneath the Bay; in Science, History and 
Hudson Bay, ed . C3. Beals, Department of 
Energy, Mines and Resou rces, v. 2, 
p. 629-641. 

107. Sanford, B.V. and Norris, A.W . 

108. 

1973: The Hudson platform; Canadian Society of 
Petroleum Geologists, Memoir 1, 
p. 387-41 I. 

Schenk, P .E. 
1971: Southeastern 

Africa, and 
Journal of 
p. 1218-1251. 

Atlantic Canada, northwestern 
continental drift; Canadian 

Earth Sciences, v . 8, 

109. Serson, P.H . 
1961: Proton precession magnetometer; Canadian 

patent no. 618762. 

110. Shearer, J .M., Macnab, R.F., Pelletier, B.R ., and 
Smith, T.B. 

1971 : Submarine pingos in the Beaufort Sea; 
Science, v. 174, p. 816-818. 

lll. Shepard, F.P . 
1931: Saint Lawrence (Cabot Strait) submarine 

trough ; Geological Society of America, 
Bulletin v. 42, p. 853-864 . 

ll2. Sher win, D.F. 
1973: Scotian Shelf and Grand Banks; Canadian 

Society of Petroleum Geologists, Memoir 1, 
p. 519- 560. 

113. Shouldice, D.H . 
1973: Western Canadian continenta l shelf; 

Canadian Society of Petroleum Geologists, 
Memoir 1, p. 7-36. 

ll4. Snowdon, L.R. 
1980: Resinite - a potential petroleum source in 

the Upper Cretaceous/Tertiary of the 
Beaufort-Mackenzie Basin; Canadian 
Society of Petroleum Geologists, Memoir 6, 
p. 509- 521. 

l15. Sobczak, L.W ., Stephens , L.E ., Winter, P .J ., and 
Heart y, D. B. 

1973: Gravity measurements over the Beaufort 
Sea, Banks Island and Mackenzie Delta; 
Department of Energy, Mines and 
Resources , Earth Physics Branch, Gravity 
Map Series . 

ll6. Srivastava, S.P. 
1978: Evolution of the Labrador Sea and its 

bearing on the early evolution of the North 
Atlantic ; Geophysical Journal of the Royal 
Ast ronomical Society, v. 52, p. 313-357. 

117. Srivast ava, S.P. a nd Falconer, R.K.H. 
1982: Nares Strait : a conflict between plate 

tectonic predic tions a nd geological inter
pretation; in Nares Strait and the Dr if t of 
Greenland: -A Conflict in Plate Tectonics, 
ed . P.R . Dawes and J.W. Ke rr; Meddeleser 
om Gronland, Geos cience 8 . 

95 



118. Stetson, H.C . 
1936: Geology and pa leontology of the Georges 

Bank canyons . Pa rt 1, Geology; Geo logical 
Society of Ameri ca, Bulletin, v . 47, 
p. 339- 366. 

119. Sweeney, J.F., ed. 
1978: Arc tic geophysical review; Publi cations of 

the Earth Physics Bra nc h, v . 45, no . 4, 
108 p . 

120. Swift, J .H. and Williams, J .A. 
1980: Petroleum source rocks : Grand Banks area; 

Canadian Socie t y of Petrol eum Geologists, 
Memoir 6, p. 567- 588 . 

121. Syvitski, J.P.M. and Macdonald , R.D. 
Sediment cha racter and prove na nce in a 
complex fjord : Howe Sound, British 
Columbi a ; Canadia n Journa l of Earth 
Sciences . (in press ) 

122. Taylor, R.B. 
1980: Coast al reconnaissance for marine terminal 

planning in the Sverdr up Basin, Northwest 
Territori es ; Geological Survey of Canada, 
Open File 695, 150 p. 

123. 1977: The occurrence of grounded ice ridges and 
shore ice piling a long the northe rn coast of 
Somerset Island, N.W .T.; Arc t ic, v. 31, 
p. 133-149 . 

124. Tiffin, D.L., Cameron, B.E.B., an d Murray, J.W. 
1972: Tecton ics and depositiona l histor y of the 

continental margin off Vancouver Is la nd , 
British Columbi a ; Canadian Journal of Earth 
Sciences, v. 9, p. 280-296. 

125. Umpleby, D.C . 
1979: Geology of the Labrador Shelf; Geo logi cal 

Survey of Canada , Paper 79- 13, 34 p. 

126. Upham, W. 
1894: The fi shing banks between Ca pe Cod a nd 

Newfoundland; Ameri can Journal of 
Science, Series 3, v. 47, p . 123- 129. 

127. Verri ll, A.E. 
1878: Occurre nce of foss ili fe rous Te rtiary roc ks 

on the Grand Banks a nd Georges Bank; 
Am erican Journal of Science , Series 3, 
v . 16, p. 323- 324 . 

128. Vilks , G. a nd Mudie, P .G. 
1978: Early deglaciation of the Labrador Shelf; 

Science, v. 202, p. 11 8 1-11 83. 

129. Vil ks, G., Wagner, F .J .E., and Pelletier, B.R. 
1979: The Holocene mar ine environment of the 

Beaufort Sea; Geological Survey of Canada, 
Bulletin 303, 43 p. 

130. Yorath, C .J . a nd C hase, R.L. 
The tec toni c histor y of the Queen Charlotte 
Is lands and ad jacent areas - a model; 
Canad ian Journal of Eart h Sciences . 
(in press) 

131. Yorath, C .J. a nd Norri s , D.K. 

96 

197 5: The tec toni c deve lopment of the southern 
Beaufort Sea and its relationship to the 
origi n of the Arc ti c Ocean Basi n; Canad ia n 
Society of Petroleum Geologi sts, Memoir 4, 
p. 589-611. 

132. Yora th, C .J. , Shearer , J., a nd Havard, C .J. 
1971: Seismic a nd sediment studies in the 

Beaufort Sea; in Report of Acti vities, 
Part A, GeologiCal Survey of Canada, 
Paper 71-l A, p. 243-244. 

133. Yorath, C .J ., Parker, E.R., and Glass, D.J . 
197 5: Canada's continenta l margins and offshore 

petroleum exploration; Canadian Society of 
Petroleum Geologists, Memoir 4, 897 p. 

134. Yorat h, C.J., Tiffin, D.L., and Cameron, R.B. 
1977: Subm ersibl e operations on the Pacific 

continental margin; in C urre nt Research, 
Pa rt A, Geological Surve y of Canada, 
Pape r 77-I A, p. 30 1-3 10. 

135. You ng, F .G ., Mahr, D.W ., and Yorath, C .J. 
1976: Geology of the Beaufort- Macken zie Basin; 

Geological Survey of Canada , Pape r 76- 11 . 

136. Whiteaves, J.F. 
190 I: Cat a lo gue of the marine invertebrata of 

eastern Canada; Geological Survey of 
Canada , Ottawa, Ontario. 

137. Willmore , P.L. a nd Sc hei degger, A .E. 

138. 

139. 

1956: Seism ic observations in the Gulf of 
St . La wrence; The Royal Society of Canada , 
Tra nsactions Series 3, v. 50, p. 21- 38 . 

Wil son, J .T. 
I 965: A new class 

contin ental 
p. 343- 347. 

of faults and their bearing on 
drif t; Nature, v . 207, 

Val li ant, H.D. 
1980: Marine nav igation 

Romber g Ine rti al 
v. 46, p. 1469-1 480 . 

with the Lacost e and 
Platform; Geophysics , 

Coast al geoscience a nd environmental management: 
G.E. Reinson 

1. McCann, S.B., e d. 
1980: The Coastline of Canada, Littoral Processes 

and Shore Morphology; Geological Survey of 
Canada, Paper 80-1 0, 439 p. 

2. Skafel,M.,ed. 

3. 

4. 

5. 

6. 

1980: Proceedings of the Canadia n Coastal 
Conference 1980; ACROSES, Nationa l 
Resear c h Cou ncil, Ottawa, 460 p. 

Stevenson, J.C ., ed. 
1976: Lake Eri e in the Ea rl y Seventies; Special 

Issue , Journal of the Fi sheri es Resea rc h 
Board of Canada , v . 33, no. 3, p . 349-64 5. 

Pell e ti e r, B.R ., ed. 
1974: Offshore Geology of Eastern Canada, 

Volume 1 - Concepts a nd Applications of 
Environme nta l Marine Geology; Geologica l 
Survey of Canada, Paper 74-30, J 60 p. 

Barri e, W.B ., Bornhold, B.D. , Hodgson, D .A., 
Jubb, R.G ., Mc La re n , P ., and Taylor, R.B. 

1979: Coastal recon na issance fo r ma rine termina l 
plan ning in the hi gh Arc ti c , Distri c t of 
Frankl in; Geological Survey of Canada, 
Open File Report 633 . 

Taylor , R .B. 
1980: Coastal reconna issance for mar ine t e rmina l 

planning in the Sverdrup Basin, Northwest 
Territor ies; Geological Survey of Canada , 
Open File Report 69 3. 



7. 

8. 

9. 

Owens, E.H . 
1977: Coastal Environments of Canada: the 

Impact and C leanup of Oil Spills; Economic 
a nd Techni cal Report EPS-3-EC-77-13, 
Environmental Protection Service, Fisheries 
and Environment Canada, 413 p. 

Owens, E.H. 
1979: The Canadian Great Lakes: Coastal 

Environments and the Cleanup of Oil Spills; 
Economic and Technical Review Report 
EPS 3-EC- 79- 2, Environmental Protection 
Service, Fisheries and Environment Canada, 
252 . 

Spill Technology ewsletter Published 
bi-monthly by the Environmental 
Emergency Branch, Environmental 
Protection Service, Ottawa. 

10. AMOP 
1978: Proceedi ngs of the AMOP Tech nical 

Seminar, March 15-17, 1978; Environmental 
Protection Service, Fisheries a nd 
Environment Canada, Ottawa, 259 p. 

11. AMOP 
1979: 

12. 

Proceedings of the AMOP Technical 
Seminar, March 7-9, 1979; Environmental 
Protection Service, Fisheries and 
Environment Canada, Ottawa, 384 p. plus 
appendices. 

ACROSES Bulletin Publi shed periodically by 
the National Research Council of Canada, 
Ottawa. 

13. Memorial University of Newfoundland 
1979: Proceedi ngs of the Symposium on Research 

in the Labrador Coastal and Offshore 
Region, May 8-10, 1979, St. John's, 291 p. 
plus addenda . 

14. CCREM 
1980: Proceedings of the Shore Management 

Symposium, October, 1978; Canadian 
Council of Resource and Environment 
Ministers, Suite 701, 60 Bloor Street West, 
Toronto, Ontario, M4W 3B8. 

GOVERNMENT 

Government agencies, institutes and universi ties in 
northern Canada: C.P. Lewis 

l. Acres Consulting Services Ltd. 

2. 

3. 

4. 

1978: Inventory of Canadian Researc h and 
Development Capabilities for Engineering in 
Cold Regions; National Research Council, 
Ottawa, Ontario, 510 p. 

Association of Canadian Universities for 
Northern Studies 

1980: Preliminary List of Northern Field 
Facilities, 1980; ACUNS Occasional 
Publication no. 4, Ottawa, Ontario 25 p. 

National Research Council 
1979: Research and Development for Engineering 

in Cold Regions; NRC, DBR Specia l 
Tec hnical Publication no. 5, Ottawa, 
Ontario, 78 p. 

Depar tment of Indian Affairs and 
Northern Development 

1979: Summary of Proceedings, Seminar on 
Science and Resear c h in the Yukon and the 
Northwest Territories; DIANO, Ottawa, 
Ontario, 30 p. 

Discussions with: 

B. Hubert, Executive Sec reta r y, Science Advisory 
Board, Government of the .W .T., Yellowknife. 

B. Scott, Science Administration Officer, Government 
of the N.W.T., Yellowknife . 

B. Padgham, Resident Geologist, DIANO, Yellowknife . 
B. Pe lletier, Geological Survey of Canada, Ottawa . 
M. Lewis, Atlantic Geoscience Centre, Dartmouth. 
G. Hobson, Directo r, Polar Continental Shelf Project, 

Ottawa . 

Lega l issues in the Canadian conti nental margin: 
R .J . Ha rri son and I. Townsend-Gault 

l. Minister of Energy, Mines and Resources 
1980: House of Commons of Canada, Bill C-48; 

Queen's Printer for Canada, 55 p. 

UNIVERSITY 

Funding to universities : R.D. Johnson 

l. Bolton, T.E. 
1981: Current Researc h in the Geological Sciences 

in Canada, Ma y 1979-April 1980; Geological 
Survey of Canada, Paper 80-5, 7 5 p. 

2. Canadian Committee on Oceanography 

3. 

4. 

5. 

1976: Report to the Committee on Grants and 
Scholarships, National Research Council of 
Canada on the Marine Science Facilities of 
Canadian Universities; unpublished report, 
37 p. 

Canadian Geotechnical Society 
1979: Results of a Survey of Researc h in 

Geotechnics a t Canadian Universities; The 
Associate Committee on Geotechnical 
Research of the National Resea rch Council 
of Canada, Technical Memorandum no. 126, 
116 p . 

McCann, S.B. ed. 
1980: The Coastline of Canada; Littoral Processes 

and Shore Morphology; Geological Survey of 
Canada, Paper 80-1 0, 439 p. 

Natural Sciences and Engineering Resea rch Council 
1979: Information Publication: Research Grants 

in Areas of National Concern, p. 4, p. 26-32. 

Marine geosciences in universities: R. Chase, J .I. Clark, 
D.H. Shields, S.B. McCann, B. d'Anglejan, D.J.W. Piper 
and G .R. Peters. 

l. Groupe Interuniversita ire de Rec herches 
Oceanographiques du Quebec 

2. 

1980: Rapport 1978- 79, 84 p. 

Mccann, S.B., ed. 
1980: The Coastline of Canada; Littoral Processes 

and Shore Morphology; Geological Survey of 
Canada, Paper 80-10, 439 p. 

Unive rsities the next decade: D .J .W. Piper 

l. F yfe, W .S. 
1981: A summary of the workshop "The Next 

Decade of Earth Science in Canadian 
Unive rsities" presented to the Canadian 
Geoscience Council. 

97 



INDUSTRY 

Introduction 

1. Canadian Council of Professional Engineers 
I 980: Engineering Manpower Requirem e nts 

I 980- 2000 fo r Major Energy-Related 
Projects in Canada; prepared by Foster 
Research and Govier Consulting Services 
Ltd.,29p. 

2. National Research Council of Canada 
I 978: Inventor y of Canadian Research and 

Development Capabilit ies for Engineering in 
Cold Regions; prepared by Acres Consulting 
Services Ltd. for the National Researc h 
Council of Canada, Contract 
No. 18SR 31077-7-0444 . 

3. Sly, P., Shields, D.H., and Mulligan, V. 
1981: Report: Task Force on Marine 

Geotec hnology in Canada, presented to the 
Associate Committee on Geotec hnical 
Researc h, L. Gold, Chai rm an . 

Canadian geophysical activity: M. Roth 

1. 

2. 

3. 

4. 

5. 

Science Counci l of Canada Background Study no . 34, 
January I 976, Northern Development a nd Tec hnology 
Assessment Systems; A study of petroleum development 
programs in the Mackenzie Delta-Beaufort Sea Region 
and Arctic Isl ands, by Robert F . Keith et al ., Miracle 
Press Ltd. , Oshawa. 

Oil and Gas Activities, Indian and Northern Affai rs, 
I 969 to I 978 . 

Offshore Report, Resource Management and 
Conservation Branch, Department of Energy, Mines and 
Resources , Ottawa, Issues I 0 to 32 (I 973- I 980) . 

Oil and Gas Exploration Drilling and Produc tion 
Summary, Ministry of Natural Resources, Ontario I 970 
to 1977. 

Nickle's Daily Oil Bulletin was invaluable in confi rming 
the stories of various doodlebuggers. 

(Northern Canada) 

Oil week Sept 8' 
Dec 8, 
Feb 22, 
Sept 20, 
Nov 1, 
Dec 13' 
Feb 14' 
Apr 3, 
June 12, 
Jan 14' 
Sept 30, 

(Western Canada) 

Oil week Apr 10, 
May 13 ' 
Mar 10, 
Feb 22, 

(Centra l Canada) 

Oil week Aug 22, 
Apr 10, 
May 13, 
Dec 8, 
Apr 1 ' 
Sept 30, 

98 

1969 v . 20 
1969 v. 20 
1971 v. 22 
1971 v. 22 
1971 v . 22 
1971 v. 22 
1972 v. 22 
1972 v. 23 
1972 v. 23 
1974 v . 24 
1974 v. 25 

1967 v . 18 
1968 v . 19 
1969 v. 20 
1971 v. 22 

1966 v . 17 
1967 v. 18 
1968 v. 19 
1969 v. 20 
1974 v . 25 
1973 v. 25 

no. 29 
no. 42 
no . I 
no . 31 
no . 37 
no . 43 
no. 52 
no. 7 
no. 17 
no . 48 
no . 33 

no . 8 
no. 13 
no . 4 
no. 2 

no . 27 
no. 8 
no. 13 
no. 42 
no. 7 
no . 33 

(Eastern Canada) 

Oil week May 18, 1964 v. 15 no . 14 
Aug 22, 1966 v . 17 no . 27 
Apr 10, 1967 v. 18 no . 8 
Nov 6, 1967 v . 18 no . 38 
May 13' 1968 v. 19 no. 13 
Aug 4, 1969 v . 20 no. 24 
Sept 1 ' 1969 v . 20 no . 28 
May 4' 1970 v. 21 no. 11 
Feb 22, 1971 v. 22 no. l 
May 3, 1971 v. 22 no . 11 
Aug 30, 1971 v. 22 no . 28 
Oct 4, 1971 v. 22 no . 33 
June 12, 1972 v. 23 no. 17 
May 19, 1975 v. 26 no. 14 
Sept 29, 1975 v. 26 no. 33 
Feb 9, 1981 v. 32 no. 1 

Cold regions contracting and consulting: J.I. Clark 

1. National Research Counc il of Canada 
1978: Inventor y of Canadian Research and 

Developm ent Capabilit ies for Engineering in 
Cold Regions, prepared by Acres Consulting 
Services Ltd. for the National Resear c h 
Council of Canada, Contract 
No. 18SR 31077-7- 0444 . 

Engineering a nd design : J.I. C lar k 

1. 

2. 

W .J. Eden, ed . 
1980: Proceedings: Fi rst Canadian Conference on 

Marine Geotec hn ic al Engineering, 
April 25-27, I 979, Calgary, Alberta; 
organized by the Assoc iate Committee on 
Geotechnical Researc h, National Research 
Council of Canada and the Canadian 
Geotec hnical Society. 

Sly, P., Shields, D.H., a nd Milligan, V. 
I 981 : Report: Task Force on Marine Geotec h

nology in Canada, presented to the 
Associate Committee on Geotec hnical 
Resear c h, L. Gold, Chairman. 

The Seabed Projec t : R .W. Hutchins 

1. King, L.H. 
Aspects of regional surficial geology related 
to site investigation requirements - Eastern 
Canadian Shelf; in Offshore Site 
Investigation, Gra ham -and Trotman Ltd . , 
London . 

2. Fader, G .B. and King, L.H . 

3. 

198 I: A reconnaissance study of the surfi c ial 
geology of the Grand Banks of 
Newfoundland; in Current Research, Part A, 
Geological Survey of Canada, Paper 8 1- JA, 
p. 45-56 . 

King, L.H. and Fader, G.B. 
I 976: Appli cation of the Huntec deep tow high 

resultion seismi c system to surficial and 
bedrock studies - Grand Banks of 
Newfoundland; in Report of Ac tivities, 
Part C, Geolog!Cal Survey of Canada, 
Paper 76-lC, p. 5-7. 



4. 

5. 

6. 

7. 

Parrott, D.R., Dodds, D.J ., King, L. H., and 
Simpkin, P.G. 

1980: Measurement and evaluation of the acoustic 
reflectivity of the sea floor; Canadian 
Journal of Earth Sciences. v. 17, no. 6, 
p. 722-737. 

Cochrane, N.A. and Dunsiger, A.O. 
1979: Seabed roughness characterization by 

broadband acoustic echo sounding; 
- Proceedings of Fifth International 
Conference on Port and Ocean Engineering 
Under Arctic Conditions; Trondheim, 
Norway. 

Dunsiger, A.O., Cochrane, N.A., and Yetter, W.J. 

Dodds, D.J. 

Seabed roughness characterization with 
scattering models from broadband acoustic 
echo sounders; IEEE Journal of Oceanic 
Engineer ing. (in press) 

Attenuation estimates from high resolution 
sub-bottom profiler echoes; SACLANT ASW 
Research Conference on Ocean Acoust ics 
influenced by the Sea Floor, La Spezia, 
Italy, June 9-12, 1980; Plenum Press in 
NATO Conference Series. (in press) 

8. Hutchins, R. W. 
1978: Removal of tow fish motion noise from high 

resolution seismic profiles; SEG - U.S. 
Navy Symposium on Acoustic Imaging 
Technology and On Board Da ta Recording 
Processing Equipment; Bay St . Louis, 
Mississippi. 

9. Dodds, D.J. 
1978: Application of pattern classification 

techniques to ocean bottom echoes of 
broadband acoustic signals; Seabed Project 
Report no. H7807-04/SB/DJD. 

10. Chapman, D.M.F. and Ellis, D.D. 
Propagation loss modelling on the Scotian 
Shelf : the gee-acoustic model; SACLANT 
ASW Research Conference on Ocean 
Acoustics influenced by the Sea Floor, 
LaSpezia, Italy, Jan9-12, 1980; Plenum 
Press in NATO Conference Series. (in press) 

11. Ellis, D.D. and Chapman, D.M.F. 
Propagat ion loss modelling on the Scotian 
Shelf: comparison of model predictions with 
measurements; SACLANT ASW Research 
Conference on Ocean Acoustics influenced 
by the Sea Floor, La Spezia, Italy, Jan 9-12, 
1980; Plenum Press in NA TO Conference 
Series . (in press) 

99 


	pa_81-6_part_1_c
	pa_81-6_part_1_t
	Blank Page

