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Left: Grading Mackenzie Highway, 
nea r Fort Simpson, Northwest Terri­
tories. Members of EMR's Geological 
Survey of Canada are acting as ad­
visers on this important construction 
project. 

Center: Member of EMR's Earth Phys­
ics Branch us es portabl e core drill to 
obtain rock sa mple for paleomagnetic 
research. Takiyuak Lake, Northwest 
Terri tories . 

Right: Two suns seem to be shining on 
this camp of the Polar Continental 
Shelf Proj ec t. One (left) is what is 
known as a "sun dog," a reflection of 
the sun. 
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A si ngle eco nomi c development with fa r-reaching soc ia l a nd 
po liti ca l implica ti o ns d o min a ted th e con ce rns of the 
Depa rtment of E nergy, Mines and Reso urces in th e fi sca l year 
1973-74. This w as th e cris is in th e supply of petro leum, w hi ch 
broke upon the w orl d, a nd Ca na d a, in th e fa ll of 1973. EMR, 
being ch a rged w ith co ll ecting a n d a na lyz ing informa ti o n o n 
th e energy situ a ti on in Ca nada a nd a broad , a nd w ith 
providi ng pol icy adv ice on energy ma nagement to Ca bin et, 
foun d it self in the publi c li me light th ro ugh out th e year. 

This la rge measure o f public a ttenti on was du e no t only to the 
cris is it se lf bu t a lso th e publica ti o n, in Ju ne 1973, of th e long­
awa ited Phase I of "A n Energy Poli cy for Ca nada ." Ph ase I 
was th e energy a na lys is w hich was in te nded to lead to Phase 
II-an asse mblage of con cre te polic ies to be wo rked out in 
consult a tion w ith a il th e interes ted pa rties in th e country. In 
th e mea ntim e, a n um ber of th e pos tula tes in Ph ase I h ave 
bce n over ta ken by the co nsequ ences of the fu el c ri sis, a nd 
va ri ous emerge n cy measures had to be d evised to w ard off the 
mos t immed ia te and m ost se ri ous shortages a nd / or p ri ce 
in creases in gaso line a nd hea ting o il. Thus, fo r exa mple, th e 



EMR budget was suddenly inflated to a lmost triple its normal 
size by the inclusi on of $157 million for payment of oi l 
subs idies. 

More detail on this and other activities of EMR's Energy 
Sector will be found in the pages that follow. 

Long-term policy considerat ions were also the upp ermost 
concern of the Minera! Development Sector, which bears a 
responsibility simil ar to that of the Energy Sector in respect of 
a ll of Canada's metals and indu stria l minerals, their 
processing a nd factors governing their exportation and 
importati on. 

Early in the fiscal year the ten provincial mines ministers and 
the Minister of Energy, Mines and Resources announced 
objectives for a national minerai policy, incorporating many 
of the recommendations of departmental experts. Continu ing 
intensive discussions among Ottawa, the provinces and 
private compa ni es have focused on assign ing priorit ies to the 
objectives, w ith emphas is to be placed on in creasing mineral­
based manufacturing and m inera ! processing in th is country. 
Most minerai commodities increase their va lue manifold, and 
generate a large range of economic benefits, if processecl to 
manufactured proclucts in the coun try of origin. On the other 
hancl, most nations now importing Canaclian minerals have 
set up tariff and other barr iers to manufacturecl proclucts. An 
effective minera! policy must seek to increase the one factor 
while reclucing the other. 

The suclclen attention forced upon energy and minera! 
commoclities has not climinished the relative importance of 
the work of EMR's Science and Technology Sector, whose 
staff engages mainly in the accumulation , interpretation and 
diffusion of geologica l, geophysical , metallurgical , mining, 
topographical, remote sensing and other inform at ion. On the 
contrary : the crisis in the commoclity field can not be solved 
without the co ntributions of the sc iences and technologies 
inclicatecl above. For examp le, if natural gas were to be 
discoverecl in large quantities in the Arctic, a pipeline to 
Ontario and Que bec markets could be bu ilt successfu ll y only 
if exact, reliable information were available on the terrain to 
be traversed, including su ch factors as permafrost, 
topography, sea-ice patterns, etc.: such information is now 
being collected and a nalyzecl by the Canada Centre for 
Remote Sensing, the Surveys and Mapping Branch, the 
Geologica l Survey of Canada, the Earth Physics Branch, and 
the agencies supportecl by the Polar Continenta l Shelf 
Proj ect-all parts of EMR. If a petroleu m and / or gas cliscovery 
occurs, this will be due in large measure to the basic surveys 
ca rriecl out over man y years by th e Geo log ical Survey and th e 
Earth Physics Branch. Furthermore, only special types of pipe, 
ma nufa ctured from spec ial stee ls and welcl ecl by specia l 
methocls, will stand up to the rigors of the Arctic. Research on 
such metallurgical problems is being carried out in EMR's 
Mines Branch. The larger questions of financing a pipeline 
and of marketing its throughput are being cons id erecl and 
advisecl on b y the Energy Sector. 

This is just one example of the intertwining of th e activities 
engagecl in by the various components that make up EMR. 
Such multi-disciplinary approaches are more and more 
common in EMR-ancl this itself is one of the most significant 
new clevelopments in the clepartment's hi story. 

An important new data-base system was in auguratecl by the 
Surveys and Ma pping Branch, which u ses a compu ter bank of 
mapping informat ion. The information, which can rapiclly be 

processecl into a variety of map types, is accessib le to a il 
in terested agenc ies. 

Most of the field act ivities of the Geological Survey of Canada 
now concern the Canaclian North, where geological rock and 
secliment types indicate a potential for minera] wealth that is 
as great as the known minera] resources of more southerly 
parts of the Canaclian Shield and the Prairies. Also, the 
growing impact of man's inclustrial activity in the Arctic has 
promptecl a la rge range of terrain stuclies a imecl at preventing 
unnecessary damage bath to the environment and to northern 
societies. 

Broacl human concerns were also in eviclence in the research 
of the Mines Branch, mu ch of which was clirected towarcl 
finding more effective and Jess polluting ways of combustion 
and ore treatment, or of finding new uses for the large heaps 
of waste material that are often an unclesirable feature at 
mine sites. 

Improvements were macle at the Earth Physics Branch 's 
seism ic array at Yellowknife, which allow "seismic events" 
(earthquakes or underground nuclear explosions) to be 
computer-processecl as they happen. A telephone connection 
between computers in Ottawa and the Yellowknife 
equipment , to be estab li shed soon, will make the processecl 
in formation availab le in Ottawa within 24 hours. 

The fiscal year 1973-'.74 was the first full year of operation of 
the Earth Resources Technology Satellite (ERTS), imagery 
from which is receivecl, processed and clistributecl by EMR's 
Canada Centre for Remote Sensing and the National Air 
Photo Library. A navel and potentially s ignificant experiment 
in remote sensing was the transmission of imagery of Arctic 
sea ice to ships plying the Arctic sea lanes. 

The Polar Cont in ental Shelf Project aga in supportecl a w icl e 
range of scientific and technical researches in the Canaclian 
Arct ic. A number of appointments were macle at the senior­
management level of EMR, as fo llo ws: G. M. MacNabb , former 
Ass istant Deputy Minister, Energy Development, was named 
Senior Assistant Deputy Minister; J. T. Lyon was namecl Legal 
Aclvisor to the department; John Convey, former Director of 
the Mines Branch , was named Senior Aclvisor Mining and 
Metallurgy; W. H. Hopper was named Assistan t Deputy 
Minister, Energy Development; and AT. Prince was namecl 
Assistant Oeputy Minister, Planning and Evaluation. 

Severa] branches of the clepartment were given new directors; 
appointments are notecl in the relevant sections of the report. 

Details about some of the more significant and interesting 
projects unclertaken during the past year by EMR's 
components w ill be founcl in the following pages. It shou lcl be 
noted here that in view of the tremenclous number and variety 
of projects no attempt was made at comprehensive coverage. 
Reaclers interested in detailed , professional information are 
urged to apply clirectly to the sectors or branches concernecl, 
all of wh ich publish professional reports of their act iviti es. 
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Department of 
Energy, 

Mines and 
Resources 

1973-1974 Estimates in thousands of dollars 
and man years . 

Total for department : $ 23 7,042* 
3 ,856 man years (MY) 

• ENERGY 
DEVELDPMENT 
SECTDR 
S4.217 / 185 4MY 

·Oil Subsidies S 157.359 

MINERAL 
DEVELOPMENT 
SECTDR 
S3.444/ 1643MY 

SCIENCE 
AND TECHNOLDGY 
SECTDR 
S65.251 / 3,035 3MY 

S13.565-755.5MY S368-23MY 
Mines Explosives 



S 19.387-794MY 
Geological 
Survey 
of Canada 

S17.231 -1.136.3MY S5.016-184.5MY 
Surveys Earth 
and Mapping Physics 

S2.951-33MY 
Polar Continental 
Shelf 

$6.552-101 MY 
Remote 
Sensing 

S181 -8MY 
Assistant 
Oeputy 
Minister 

ADMINISTRATION 
S6.771 / 471 MY 
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ENERGY 
DEVELOPMENT 

SECfOR 

Ju ne 28, 1973, saw the culminati o n of ma ny months o f hard 
work by the Energy Oevelo pment Sec tor when th e Minister 
ta bled Volumes I a nd II of Ph ase I of "An En ergy Policy for 
Ca nada" in the Hou se of Commons. 

The report cove red a l! aspec ts of th e energy situa tio n in 
Cana da a nd la id out vario us opti ons th a t could be ca rr ied out 
in th e futu re . The ana lysis for ms the fr a mework for futur e 
po li cy development. It is a lso being used as a vehicle to obta in 
views of the publi c at la rge as w ell as industry , provincial 
governments a nd spec ia l interest gro ups. Ex tensive 
consu lta ti ons h ad been pla nned at tha t lime so th a t, as th e 
Mi nister sa id in th e foreword to Volume I, " . . . foll owing 
those consult a ti ons the Go vernm ent of Canad a will th en 
reach th e second phase of the a ppro ach to the energy 
pro blems of dec idi ng how, and with wh at ins truments, our 
ex isting po li cies should be a ltered." 

Widespread di st ributi o n of th e repo rt h ad bee n pla nned , a nd 
to enlarge this di stributio n Public Rela tions and In fo rma tion 
Servi ces p roduced a bookle t ca ll ed "En ergy a nd Our W ay Of 
Life" based o n th e a nalysis, for use in schools . Teach ers a nd 
stud ent s received 210,000 copies th rough a Ca nadia n high­
sch oo l magaz ine a nd a furth er 600,000 we re reques ted by 
teach ers fo r use in school classroo ms. 

Th e workload of the En ergy Sec lor did not, how ever, ea se 
with the pu blica tio n of th e energy a nalys is . Lights burned in 
sec tor offices into the ea rl y hours of th e morning in th e fa ll of 
1973 as a res ult of eve nls in th e Middle East . 

Th e dra ma tic rise in the cost of oil fr o m OPEC (Orga nization 
of Pet ro leum Ex porting Countries), th e cutback of production 
in th e Middle Eas t, a nd the emb a rgo of oil shipments to th e 
United Sta tes did have a n effec t on Ca nada . It seemed in th e 
fa ll tha t there co ul d be se ri ous shortages of h ome hea ting fuel 
in eastern Ca nada du ring th e w inte r. However, steps taken by 
th e oil co mpanies a nd th e fed era l government, plus the help of 
a mild winter, eased th e s itua ti on. 

Th e pri ce of Ca nadi a n oil ha d a lso been rising dur ing 1973 
a nd , to ease th e fin ancia l burden on Ca nadi an co nsumers, th e 
gove rnment on Septemb er 4, 1973, requ ested th e oil 
compa ni es to impose a voluntary fr eeze on price increa ses. 
Wh il e this w as in effec t the oil comp a ni es w ere permitt ed to 
pass o n tw o internationa l price increases, effec tive November 
1 a nd December 1, fo r oil used in th e region eas t of th e Ottaw a 
Vall ey lin e, which depe nd s o n imported oil. W est of th a t line 
th e price rema in ed a t September levels well into 1974. 

Mines Branc h fue l experts determ ine 
the " pit ch" conte nt o r a sa m ple o f o il 
produce d fro m Atha basca o il a nd b itu­
me n. The " pit ch" is th e non- sa lea ble 
por ti o n o r the refi ned bitume n. 
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So that Canadian oil would not be sold in the United States at 
Jess than the world price, a tax was placed on ail ex ports of 
crude oil from Canada . Also, extension of pipeline facilities 
from Sarnia to the Montreal area was planned to provide 
additional security against international disruption of supply . 
Hearings were to be conducted before the National Energy 
Board to determine feasibility of the plan before final 
approval. This would be part of a longer-term plan for a 
coast-to-coast oil-pipeline system as announced on January 
16, 1974. 

At the time when it was expected that there might be severe 
shortages of oil during the winter the government decided a 
contrai might be needed on the allocation of petroleum 
supplies. This would ensure equitable distribution of ail 
petroleum products to wholesalers. The Energy Sector, in 
conjunction with other departments, recommended the 
formation of an Energy Supplies Allocation Board. A bill to 
establish this board was introduced in the House of Commons 
on December 3, 1973, and received Royal Assent on January 
14, 1974. The board, under a Parliamentary declaration of a 
national emergency caused by energy shortages, has powers 
for the mandatory allocation of energy supplies and to 
implement rationing if necessary. 

On December 6, 1973, the Prime Minister placed a proposai 
before the House of Commons to set the basis for a new 
national oil policy. This is designed Io create a national 
market for Canadian oil; a pricing mechanism that will 
provide incentives for the development of oil resources; 
increased returns and revenues that result from higher prices 
used in a manner conducive to security and self-sufficiency; 
the establishment of a national petroleum company, 
principally to expedite exploration and development; the 
early completion of a pipeline to the Montreal area, and 
intensification of research on oil-sands technology. It was also 
decided at that lime, in consultation with the provincial 
premiers, to continue the freeze on oil prices until March 31, 
1974. 
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At the First Ministers' Conference on Energy in January, 1974, 
the ministers reached a decision that the increase in oil prices 
resulting from higher oil taxation overseas that was effective 
January 1, 1974, should be "cushioned" by federal payments. 
To accomplish this, $240 million was allocated from the 
department's supplementary estima tes for payments to oil 
importers in the first quarter of 1974. This enabled the 
importers to restrain price increases in an amount of about $4 
per barrel. Su ch increases would have been passed on to the 
consumers in eastern Canada, had the oil-import­
compensation program not been put into effect. The Energy 
Sector developed procedures for the administration of the oil­
import-compensation program in early 1974 and administered 
the program during the year. 

In March, 1973, crude-oil export contrais had been instituted 
because market demand for Canadian oil in the United States 
was such as to threaten adequacy of supply within Canada. 
Similarly, export contrais on oil products were started in 
June, 1973. 

In the autumn of 1973 the Energy Development Sector was 
involved in· the analysis of the potential effect of the Arab oil 
embargo on supplies of crude oil and petroleum products in 
Canada. The sector participated in an interdepartmental 
committee which examined options to improve the supply 
situation and recommended courses of action to the Cabinet. 

The sector has continued to serve as the secretariat for the 
Task Force on Northern Oil Development. During the year 
preparations on an interdepartmental basis were made for the 
examination of an application for construction of a natural­
gas pipeline along the Mackenzie River valley by Canadian 
Arctic Gas Pipeline Limited. This application was 
subsequently filed on March 22, 1974. 

Studies also proceeded on the production and transportation 
of na tu rai gas from the Arctic Islands via a route along the 
west or east si de of Hudson Bay. 

The department is continuing with an oil-and-gas resource 
inventory, and during the year further work was clone by the. 
sector, in co-operation with the Geological Survey of Canada 
and other government agencies, to define potential resources 
of oil and gas in Canada. 

In accordance with the Prime Minister's statement on 
December 6, 1973, $40 million is to be made available for 
research and development of the oil sands in co-operation 
with the Alberta government. 

In early 1974 the uranium industry experienced a dramatic 
shift from a buyer's to a seller's market. The price for uranium 
rose, and this, combined with the increased demand from 
users in Canada and overseas, will trigger an increase in 
exploration in Canada. As a consequence uranium producers 
are now coming into their own after being in a slump for 
many years. 



The Minister and senior officiais of the 
depârtment on a visit to the plant of 
Great Cana di an Oil Sands Ltd. 

In early 1973 the sector participated in a study to define the 
government's position on proposais that a uranium­
enrichment plant be built in Canada. The Minister released a 
statement on August 1, 1973, in which he stated that an 
enrichment plant could not be considered an essentia l 
national project in Canada requiring government ownership 
or subsidization. However, th e Minister also indicated that 
the government was prepared to assist private industry in 
acquiring the necessary technology from foreign governments 
if a project was shown to be in the national interest. 

At the First Ministers' Conference on Energy in January , 1974, 
the Minister announced guidelines for discussions with 
provincial governments and industry on suitable mechanisms 
to ensure that the domestic nuclear industry will have a long­
term uranium supply. 

The Minister also announced that the remainder of the 
government stockpiles of uranium oxide will be held for the 
domestic market. There have been recent sa les to overseas 
electrical utilities from these stockpiles, including 1,000 tons 
to Japan and 4,600 tons to Spain . 

Nuclear power in Canada during the reporting period also 
took an upward trend, comparable to the sales picture in the 
uranium industry. This was spurred on by the decision of 
Ontario Hydra to have much of ils new electrica l generation 
based on the CANDU reactor; the success of the four-unit 
Pickering nuclear stat ion; the completion of a sa le of a reactor 
to Argentina; receipt of a let ter of intent from Korea for the 
purchase of a CANDU reactor; and the decision of the federal 
government to build a heavy-water plant at Gentilly. 

The department continues its appraisals of coo l supply for use 
in eastern Canadian steel mills and by Ontario Hydra, 
especially as the situation changed from a buyer's to a seller's 
market, with an unprecedented increase in price, in early 
1974. 
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The sector has participated with the Ministry of Transport in 
studies on the transportation of western coal to eastern 
markets. Representatives have also been engaged in a railway 
study with special emphasis on terminal facilities at Thunder 
Bay and in some assessments of a coal-in-oil pipeline from 
Alberta to Ontario. 

The department continues to co-sponsor the annual 
Conference on Coal which, in 1973, was held in Victoria, B.C. 
Interest remains high in this conference and it is expected to 
increase with the future possibilities for western Canadian 
coal in the domestic and overseas markets. 

As a follow-up to work that was carried out for the report 
"An Energy Policy for Canada-Phase I", an analysis of the 
petroleum industry's profits has been completed. It included 
appraisals of the effect on industry of various proposed rent­
collection schemes. 

The sector is also looking at methods of financing of energy 
projects, especially in the United States , where new and nove! 
approaches are being taken. Possible ways of financing 
Canadian projects , such as the Alberta oil sands and major 
pipelines, were related to these methods. 

Progress has been made du ring the year in refining available 
data on the undeveloped hydroelectric potentia/ of various 
regions in Canada. A more accurate estima te of the resources 
capable of development is necessary to establish better 
estima tes of the quantities of fossil and nuclear fuels that will 
be needed to provide the additional electrical-energy 
requirements. 

While a 1968 study concluded that tidal developments in the 
Bay of Fundy would not be economically competitive, there 
have been in the interim some substantial increases in the 
costs of alternative sources of energy . A federal-provincial 
tidal-power review committee is recommending further 
studies in specific areas. 
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The electrical section has participated, in close co-operation 
with the uranium and nuclear section , in assessing the 
economics of nuclear generation, especially in areas outside 
the provinces of Ontario and Quebec. The section has also 
participated in assessment of the capital investments which 
nuclear developments will require during the next two 
decades. 

Studies were carried out on the advantages of improved 
regional interconnections from which individual utiliti es or 
regions might benefit economically and through which supply 
could be made more secure. A policy was subsequently 
approved and announced at the First Ministers ' Conference 
on Energy in January, 1974. This encourages regional 
interconnections through federal grants for interconnection 
studies and loans for up to 50 percent of the construction cost 
in approved cases. 

Specific application of this policy is being discussed with the 
Province of Prince Edward Island in connection with an 
underwater cable link to the mainland and with the Province 
of Newfoundland and Labrador in connection with the 
proposed development of the Gull Island hydroelectric site on 
the Lower Churchill River. 

The Nelson River Transmission Agreement between Canada 
and Manitoba , under which Atomic Energy of Canada has 
built a high-voltage direct-current transmission line , has 
reached the point where the equipment associated with the 
initial phase of the development has been declared to be in 
service. Negotiations are proceeding on a basis for extending 
the provisions of this agreement to caver subsequent 
additions to the development. 

Discussions took place during the year with the Canadian 
Electrical Association on a co-operative research program 
which would involve all of the Canadian electric utilities. The 
federal government has offered financial participation in the 
initial stage of the program . Negotiations are continuing to 
develop this into a permanent program which will 
complement the R&D support provided by the Department of 
Industry, Trade and Commerce. 

Members of the section continued to take part in activities of 
the Canada-USSR Electric Power Working Croup. These 
included a seminar in Leningrad on construction methods in 
cold climates and mechanical aspects of eJectricaJ 
transmission lines. The seminar was followed by a technical 
tour in Siberia. The Soviet members of the group visited 
Canada in September, 1973. 



Severa! members of the section participated in a mission that 
travelled to China in order to look for opportunities of 
marke ting Canadian electrica l eq uipment. 

The issu a nce of Co na da Oil and Gas Permits was suspended 
on March 21, 1972, pending rev iew of land regulations, a nd no 
permits were therefore issued during the fiscal year 1973--74. 
Sorne 285 permits co mprising 7.5 million h ectares (18.6 million 
acres) were returned to the Crown during th e year, including 
131 deep-w ater permits covering 3.3 million h ec tares (8.2 
million acres) on th e conti nenta l si ope off Labrador and 39 
permits comprising 1.2 million hectares (2.9 million acres) on 
th e Lab rado r Shelf. On March 31, 1974, the government 
ad mini stered 4,949 per.mits covering 132 million hectares (326 
million acres), 85 percent of which was sea bottom off the 
East Coast, th e region of greates t exp loration act iv it y. 

Revenues from "offshore lands" du ring the fiscal year 
amounted to about $709,600, an in crease of 52 percent over 
1972--73. 

During th e fi sca l year, exp loration for oil and gas proceeded a t 
a mod erate pace off the East Coast a nd in Hudson Bay; th ere 
were no exp lora tory act iviti es off the West Coast pending a 
review of feclera l-government environmenta l policies in that 
region. 

During the year, work was co mpletecl in con junct ion with the 
Department of Inclian and Northern Aff airs on a draft of new 
Drilling Regulations and a s tar t was macle o n new Produ ct ion 
Regu lat ions . Bath se ts of regu lations will be promulgated 
under th e Oil and Gas Produ ct ion and Co nserva tion Act. 

Fifty-one sepa rat e geop hys ica l programs involving 74,000 km 
(46,000 lin e mil es) of seismic surveys were undertaken during 
th e year off th e East Coast and in Hudson Bay, using 15 
vessels an d casting an es tima ted $15 million. 

Off the East Coast, 27 wells were clrillecl a t a cos t of about $65 
million , in clucling 8 wells on the Scotian Shelf, 15 on the 
Grand Banks, 2 in the Gulf of St. Lawrence and 2 on th e 
Lab rador Shelf. This brought th e tota l number of East Coast 
offshore wells to 85. As many as 6 clrilling unit s were active, 
in clucling 4 semi- submersibles . 

Explora tory drilling res ultecl in two possible di scoveries a nd 
one non-commercial show of hydrocarbons. On th e Labrador 
Shelf, th ere were favorable indica tions of hyclrocarbons in a 
well 40 miles off the Labrador Coast north of Hamilton Inlet. 
Due to the lateness of the season this well, drill ed by th e 
adva nced -d esign dynamically-positioned drilling vesse! 
Pelican, could not be tested, and so the full significance of th e 
find will not be known until the summer of 1974. 

Revenu es for th e year from fecl eral leases in the provinces 
a mountecl to about $440,000, large ly from production 
royalties, and constituting a n increase of 10 percent over 
1972--73. 

During the year the United Nat ions Sea bed Committee, to 
which the Resource Ma nage men t a nd Conservation branch 
has continuousl y provid ed representation, h eld il s la s! 
meeting in Geneva , Switzerlancl, co ncluding a series of 
session s th a t have tak en place over the last six years and have 
dealt with a wid e-Pa nging spectrum of matte rs per taining to 
inte rn a tional law in th e oceans . The work of this committee 
hav ing been completecl, nego tiations pro ceecl ed to th e Third 
Law-of-the-Sea Conference to be held in Caracas, Venez uela , 
during the summer of 1974. First procedural meetings for this 
co nfere nce were held in New York in Decemb er of 1973. Of 
primary importa nce to Canada a nd th e clepartment in th e 
for thco ming sessions will be th e clefinition of th e outer li mit of 
national jurisdiction over seabecl minera i resources , and th e 
na ture of th e international regime a nd administrative age n cy 
to be se t up to gove rn the seabed beyo ncl this li mit. 

During the year nego tiations with Denmark resulted in an 
ag reement rega rding the d elineation of offshore bounclari es of 
jurisdiction over seabed resources in the Davis Strait-Baffin 
Bay region. There were no negoti at ions with th e United States 
regard ing th e settlement of confli c ting daims to shelf 
bounclaries off th e east a nd west coasts, or with France with 
respect to the continental shelf surrounding th e Isl a nds of St. 
Pierre a nd Miquelon. 

Min es Bra nch expert tes ts sa mplc of 
pipe for pipelin e. 
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MINERAL 
DEVELOPMENT 

SECTOR 

The Minerai Development Sector is charged with developing 
federal policies for minerai resources. The emphasis is on 
resource use and the contribution of minerais to the Canadian 
economy. Policy advice is based on systematic intelligence 
and analysis. 

The high level of economic activity in industria lized countr ies 
intensified demand for ail minerais in 1973. Hi~h wor ld prices 
reflected the leve l of demand. For many commodities price 
seems to be approaching cyclical peaks , even allowing for 
inflationary conditions and currency problems. 

Canada is simultaneously a cunsuming na lion and a 
producing nation; an industrialized country and a develop ing 
country. Consumers seek security of supply and access to 
resources on favorable terms. Producing countries want better 
returns from mining, either in the form of financial returns or 
the extra benefits from further processing of resources. 

Political and economic events are rapidly transmitted to other 
centres these days as communication is almost instantaneous . 
No part of the Canadian minerai industry, no region, no level 
of government and few communities are isolated from the 
swirl of world forces that affect Canada's minerai-export 
staples (copper , nickel , zinc, lead , iron ore, molybdenum, 
potash, gypsum, and the precious metals). To these may be 
added smelter products such as aluminum. 

As a nation, Canada produces an exceptional ly w ide range of 
minerais. Two-thirds of ail minerais produced are exported, 
and minerai ex ports comprise nearly 30 percent of ail 
exports. Consequently, minerais are more important to this 
nation and its economy than is the case for any other 
industrialized country. Yet Canada is by no means self­
sufficient. We import several strategic materia ls such as 
bauxite, diamonds, chromium, manganese, and tin. 

The two main contrais affecting internationa l economic co­
operation are the General Agreement on Tariffs and Trade 
(GATT) and the International Monetary Fund. Negotia tions 
on th e former are to take place in 1974. The Minerai 
Development Sector is engaged in economic stud ies of the 
effects of minerai tariffs within the context of the overal l 
Canadian government response . The results of the 
forthcoming Tokyo round of negot iations wil l be 
exceptionally important. The leve l of mining activity, the use 
of minerai resources , the further processing of resources and 
consequently the health and vitality of communities are 
affected by tariff and non-tariff barriers. 

Terrain scientist, member of Geological 
Survey of Canada, inspects test eut 
along Mackenzie Highway. The loose, 
easily eroded soil makes construction 
extremely difficult. 

Temporary bridge (top) and giant cul­
vert (bottom) ready to be installed on 
portion of Mackenzie Highway, which 
will become an important artery for the 
development of the natural resources 
of Canada 's North. Severa! of EMR's 
sectors-Mineral Development, Energy 
Development-are involved in policy 
development for the management of 
northern resources along with the con­
servation of the environ ment. 
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Most people recognize that minerai commodities were 
unequally distributed by nature across th e nation; that some 
communities, regions and provinces are more dependent than 
others on particular commod ities. The lo cat ion and grade of a 
particular deposit cannot be changed. In EMR, the Science 
and Technology Sector works closely with th e Minerai 
Development Sector in situat ions where it is possible to 
change the econom ic circumstances that lead to development: 
In this regard th e sector manages mineral-development 
programs, normally funded by the Department of Regional 
Economie Expansion, in association with a number of 
provinces. For examp le, as a result of the federal-provincial 
Western Economie Opportunilies Conference, the need for 
expa nsion and diversification of western iron and stee l 
production was recognized. Steps have been taken to realize 
this objective. Similarly, the viability of an East Coast stee l 
complex is being exam in ed. In the far north, th e sector was 
assessing the economic feasibility of the proposed lead-zinc 
mine at Strathcona Sound, the first industrial project of its 
type in the area. 

The ability of th e minerai resource base lo sustain the 
eco nomy in future years is vital in any consideration of 
Canada's future. Initi a l work in EMR suggests that known and 
potentia lly available minera] resources are adequate to meel 
domestic needs , and allow for continuation of exports. But 
what do minerais really mean to Canadians? What suppli es 
are requ ired, what emp loyment is generaled by the induslry 
and in anci ll ary activ iti es? What revenues accrue directly and 
indirectly? Through eco nomic research using "input-out " 
analysis and econometric models the sector is making 
progress in this area of concern. In lim e, lhere will be better 
answers to such questions than are now available. 
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Price levels for commodities and supply-demand imbalances 
are usually controlled by long-lasting market forces. In olher 
countries , as in Canada, returns from minerai resources can 
be s ignificantly affected by ~hort-term problems. Too high a 
price, and the cost of finished goods must rise; too low, and 
future supplies are threatened owing to the lag between 
exp loration, discovery, investment in development and 
production. Short-term factors are often resolved by the 
industries concerned . But to an increasing degree institutional 
mechanisms are being deve loped to cape with problems not 
covered by GATT or in bilateral arrangements between 
nations or the normal business dealings of companies. 

The sector participated in 1973 in the United Nations 
Conference on Resou rces that recognized the interdependence 
of resource producers and consumers. Canada has long been a 
member of the International Tin Council and is also a member 
of the International Lead-Zinc Study Grou p. Bath groups have 
significant capacities to forecasl in the short and medium 
term , an important factor in resolving problems and 
maintaining a reasonable stability for these commodities. 
Bath include producers and consumers , leading to a balance 
of rights and obligations in accord with Canadian commodity 
trade policy. Canada 's interest in resources prompted it to 
accepl observer status in the Iron-Ore-Producers Croup, and 
atlendance at meetings of the Copper-Producers Croup, 
Mercury-Prad ucers Grou p, etc. 

The Departments of External Aff airs and Industry, Trade and 
Commerce have important responsibilities in international 
affairs. The sector's ra ie is to provide assessmenls of emerging 
commodity problems from a resource-management viewpoint, 
and to work on the technical comm it tees. 

During 1973-74, Canada received mining and trade missions 
from Poland, Spain, South Korea , and the People's Republic 
of China , and hosted more than a half-dozen meetings with 
officiais of other countries. A fruitful interchange was begun 
with Poland, as Canadian and Polish government officiais and 
mining experts exchanged visits . As a result, the groundwork 
has been laid for exchanges of mining expertise and expanded 
trade between the two countries. 

On mineral-resource-management problems, views are 
exchanged between countries at the ministerial and official 
levels, through missions, conferences, and contact with 
agencies. The special i nvolvemen t of corpora lions dom ici led 
in the U.S., Japan, and the EEC in Canadian minerai resources 
provide a cont inuing basis for dialogue on markets, 
investment, price and supply. 

lnvolvement in these types of activities requires the sector to 
maintain a strong ana lyti cal staff. A wide-ranging intelligence 
of minerai affairs bath domestic and foreign permits a rapid 
response by the sector to questions of the day, and provides 
the basis for involvement in longer-Lerm problems of mineral­
resource management and policy affecting minerai resources. 



Periodic reviews are made of the state of the minerai industry 
in Canada to help other parts and levels of government , 
industry, and the public get the information they need. A 
digest is published annually in the form of the "Canadian 
Minerais Yearbook." A special publication of topical interest 
for 1973 is entitled "Mining and Environmental Law ." 

The Minerai Oevelopment Sector is leading a review of 
national minerai policy in the federal government. In 1973, the 
first steps were ta ken to fi nd the common elements, the ties 
that bind together different interests within the federal 
government, the provinces and the minerai industry. The ten 
provincial mines ministers and the federal government 
announced a set of objectives that will form the basis for a 
national minerai policy. 

Late in 1973, il was agreed to establish a Canadian Ministerial 
Conference on Minerai Policy. Ils purpose is to provide a 
governmental forum for consultation on issues that are 
national in scope. The conference is not viewed as a joint 
decision -making body , but an important new avenue of 
intergovernmental communication. Ministers agreed that in 
1974 the conferencc would focus on uranium policy; the 
respective raies of governments in the contrai, management 
and disposai of minerais; and the further development of a 
national minerai policy. In the meantime, different views, 
sincere views and above ail concerned views are being 
expressed as to the issues that should constitute a strategy for 
Canada in today's world, in harmony with Canada's resource 
endowment , and the needs of regions. 

The Centre for Resources Studies at Kingston, Ontario, was 
established on October l , 1973. It is under the jurisdiction of 
Queen 's University and sponsored by the university, the 
Department of Energy, Mines and Resources and the 
Canadian Mining Association. The purpose of the Centre is to 
carry out high-quality , independent research on those 
important questions which face the nation in mineral­
resource development and mineral-resource policy. 

EMR formalized a long-standing agreement with the 
Canadian International Oevelopment Agency to continue 
acting as CIDA's technical advisor in planning and 
implementing mineral-related foreign-aid projects. In CIDA­
sponsored projects abroad, Canadians are hired by the agency 
to actas advisors and supervisors of local tradesmen, 
technicians and managers. In India , for example, a group of 
Sudbury miners have almost completely changed the work 
habits of the 5,000 Indian miners al the Khetri copper mine. In 
what is turning out to be an impressive success story, the 
Sudbury miners have helped to boost production 400 percent 
by demonstrating improved drilling, loading, and tunnelling 
techniques, and by suggesting a bonus system that spurred the 
miners to double their efforts. 

In 1973-74, EMR aided CIDA in planning instruction for 
miners in India and mine projects at various locations in 
Burma , Tanzania and Malaysia, and helped to recruit 
Canadian professional personnel to supervise these projects. 
Sorne 35 training programs in Canada were organized in 
mining technology with UN or CIDA fellowships. In the past, 
nine out of ten UN sponsored trainees in the geological 
sciences, mining and metallurgy were sent to the United 
States. Today, most UN trainees are being sent to Canada for 
practical experience. 

Members of the Geological Survey 
of Canada inspect core of subsoiJ 
oblained in Northwest Territories. 
Study of soi! content and perma­
frost penetralion help scientists de­
termine the capacity of the soi! ta 
support engineering and other 
projects. 
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Users of aerial photography can now 
study microfilm showing complete 
aerial coverage of Canada and micro­
fiche index cards through viewers likc 
these al the National Air Photo Library. 
The system facilita tes ordering of aerial 
photography and reduccs storage 
space. 



SCIENCE 
AND TECHNOLOGY 

SECfOR 

Surveys and Mapping 
The growing importance of exploration and development of 
fossil fuel resources in the Arctic and northern Canada 
requires adequate surveys and topographie maps. During the 
fiscal year 1973-74, the Surveys and Mapping Branch began to 
step up its pragram in the north to serve these needs, and 
activities over the next several years will emphasize work in 
these fronti er areas. 

The major products of the Surveys and Mapping Branch are 
accurate topographie maps, aerial photographs and data from 
a national network of survey contrai points, precisely 
established and maintained by government geodesists. These 
are basic tools for the development of Canada's resources and 
have always been essential for many industrial, scientific, 
edu ca tional, legal , engineering and tourist-industry purposes. 

A principal highlight for the branch during 1973-74 was the 
appointment of Raymond E. Moore as director in July, 1973. 
He replaced Dr. S.G. Gambie who was appointed Assistant 
Deputy Minister (Administration) for the Department of 
Energy, Mines and Resources. 

Total budget for the Surveys and Mapping Branch during 
1973-74 was $17,506,000. Of that, $5,458,000 was spent on 
con trai and legal surveys; $7,997,000 on mapping services; and 
$2,271,000 on distribution of technical information, with 
$1,760,000 being recovered through the sale of maps and air 
photographs. A sum of $70,000 was allocated for feas ibility 
studies and contra et management of external-aid project for 
the Canadian International Development Agency (CIDA), and 
the balance of the budget went for administration. 

During 1973-74, about 3,000,000 maps w ere sold through the 
Canada Map Office, and almost 16,000 requests were received 
by th e Nationa l Air Photo Library for air photographs . 

A major responsibility of the Surveys and Mapping Branch is 
to gel information to professional clients as quickly and as 
efficiently as possible. Important steps toward this end were 
taken in 1973 when the branch developed a new data-base 
system aimed at quick response to requests for new mapping, 
particularly in the far north. Available topographie maps for 
this region are mostly reconnaissance types at th e scale of 
1:250,000. This map scale is adequate, unless some form of 
resource development occurs. Not knowing where the 
demand for the more detai led 1:50,000 map scale may occur, 
the bran'ch h as stored in the data-base system co-ordinate 
data generated from aerotriangulation, which may be drawn 
upon for rapid map compilation, as the need arises. 

Young geo logis t on traverse checks her 
bea rings beforc co ntinuing. It is no 
longer rare to find women in geological 
field parties. 
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Such a system allows a selective choice of information for 
production of a topographie or line map, or a photomap, 
depending on the user's needs. Il also cuts the time needed to 
process requests from four years to one year for a color map, 
three to four months for a monochrome map and even Jess 
time for an emergency printout. The branch spent $500,000 to 
begin the program which, during 1973--74, processed into the 
bank enough information for 800 maps. The data bank will be 
completed by 1979. An index is available for the content of the 
bank, and is regularly updated. 

There will also be more use of monochrome maps, as opposed 
to the full-color topographic-series maps, so topographie map 
information can reach the public faster. During 1973, this new 
emphasis doubled production of topographie maps over 1972. 
Of the 1,223 maps produced in 1973, 549 were monochromes. 

The National Air Photo Library has finished microfi/ming the 
comp/ete aer ial coverage of Canada for easy reference as 
another service to the public. Cassettes of microfilm 
containing up to 2,000 images are available. Index maps 
showing relative ground positions of the photographs have 
been placed on microfiche, with up to eight index maps per 
fiche . Major users can buy these cassettes and cards for their 
own use, or they may view them in the Jibrary to order the 
prints they want. The system reduces the amount of space 
needed for archive storage and provides a quick reference for 
ordering prints. 

During 1973, microfilming of legal-survey data was also 
undertaken. The data were obtained from surveys of federal 
lands, including Indian lands, done on request from other 
federal departments, and they are available to the public. 
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The method of est2 blish ing horizontal contrai by measuring, 
from points on the ground, the Doppler frequency shift of 
satellites is being used extensively in geodetic surveying, 
particularly in Arctic and offshore areas. Geodetic surveying 
estaplishes horizontal contrai Qatitude and longitude) and 
vertical contrai (the exact height above sea level) of selected 
points across Canada to extend and densify the national 
network of survey contrai points. This network is essential to 
accurate mapping by bath government and private mappers. 
The Doppler assessment was do ne by the University of New 
Brunswick which , with the help of the Surveys and Mapping 
Branch, established 21 Doppler stations from the Atlantic to 
Manitoba. The Doppler method is based on the principle that 
electromagnetic waves coming from a moving abject appear 
to undergo a frequency shift in relation to a stationary 
observer. The position of a Doppler ground station can be 
calculated by recording this fequency shift, because the 
position of the satellite is known in terms of latitude and 
longitude at ail times. 

The success of the Doppler method means an end to the 
aerodist in the branch's geodetic surveys. This method was 
employed for the last time in 1973 to establish horizontal 
contrai in northern Ontario and northern and central 
Manitoba, completing coverage of this area suitable for 
mapping at a scale of 1:50,000. The aerodist is an airborne­
assisted electronic distance-measuring device that measures 
the amount of time it takes for a radar beam to bounce from 
an airplane to two ground stations and back again as the 
aircraft passes midway between the stations. From this, the 
distance from airplane to station is calculated and then the 
distance between the two stations. The branch has used the 
aerodist method for the past 10 years, and it has greatly 
reduced the cost and time of surveying Canada's wilderness 
are as. 

In its geodetic work, the branch established 1,600 new bench 
marks across Canada for vertical contrai during 1973--74. One 
of the most important projects, the levelling along the 
Mackenzie River valley begun in 1972, continued the 
following year. The branch also went ahead with its work in 
horizontal contrai in British Columbia, using, for the first 
time , a first-order traverse to establish primary contrai in a 
large area of the province north of Prince Rupert between the 
Alaska Highway and the Alaska boundary. In a first-order 
traverse, surveyors measure the distance between two points 
by using electronic distance-measuring devices and angular 
measurements. This is a departure from the traditional 
method of calculating distances by triangulation, and , 
because it reduces bath the time and money required to 
survey, it will probably be used more in the future. In ail 
Canada, horizontal-control work established a total of 99 
first-order and 320 second-order horizontal stations during 
1973--74. 



The International Boundary Commission began the task of 
replacing stone cairns of the Alaska-Yukon triangulation with 
more permanent marks during 1973. This was necessary 
because these stations are being used more and more as 
surveying refcrence points by those doing surveys for 
resource development in the area. 

A readjustment of the national network of horizontal contrai 
will beg in during 1974--75 in Canada following an 
understanding in 1973 with the United States and Mexico to 
develop a more uniform survey contrai network for the whole 
of North America. Over the past few years, geodesists have 
found that there are definite distortions in the network. This is 
because distances measured by the new high-accuracy 
electronic distance-measuring devices do not conform with 
data from aider surveys in which distances were calculated 
by triangulation. Thus, resurveying in the regions where 
triangulation was used followed by computer readjustment of 
the data to conform with other regions survcyed is essential 
for an accurate, uniform national and international network 
of survey contrai points. The program in Canada will 
probably take 10 years to complete. 

During 1973-74, the Surveys and Mapping Branch published 
several new products and developed new formats for some 
maps to make them more acceptable to the public. The fourth 
edition of The National Atlas of Canada was one of the most 
important new publications. The Atlas, a collection of 334 
multicolored maps, 400 graphs and expia na tory texts on 266 
pages, was completed in the looseleaf form in bath English 
and French in 1973. A contract was also signed early in 1974 
with a priva te publisher for the production and distribution 
of a bound edition in the fall of 1974. The publication provides 
an authoritative graphie summary of Canada's physical 
setting, human geography, resources and economy during the 
past decade and is a major national referencc work. 

In the production of aeronautical charts, a new publication, 
RNAV Ottawa--Montreal, was published for the new STOL 
service between those Iwo cities . A new format for the VFR 
{Visual Flight Rules) terminal area char! was developed , and a 
new northern supplement and !FR (Instrument Flight Rules) 
handbook were published. 

Other map products new in 1973 included a map of the Yukon 
Terri tory at a scale of 1:1,000,000 and a resource·at1as of 
Newfoundland produced, on request from that province, to 
coincide with Newfoundland 's 25th anniversary as a province 
of Canada. 

On the whole, 3,600 maps were produced-an increase of 25 
percent over last year. Copies printed amounted to 10,000,000. 
Of these, 1,223 were of the topographie series, 110 of wh ich 
were produced by the Winter Works Program in Vancouver, 
now in its third year. Automated cartography, the production 
of maps with the aid of computers, made up 10 percent of the 
branch's production of topographie maps and general maps of 
Canada. Such automation will gain more impetus in the 
future as part of a general increase in map production to keep 
up with Canadian development. 

A program for the computer adjustment of blacks of aerial 
photographs was developed by branch engineers during 1973 
and has been accepted as standard procedure by private map 
producers. The adjustment redu ces the need of a great 
number of horizontal contrai points throughout the whole 
black by using measurements of selected points along the 
perimeter only. The system also redu ces the cost of map 
production. 

A special light-weight tower was developed and tested in 1973 
by the International Boundary Commission to be used in 
precisc angular measurements by survey teams in the fie ld. 
The easily transported tower weighs Jess than 360 kg {800 
pounds), cornes in five-metre sections that rise to a height of 
20 metres and is designed to do the work of much heavier 
towers based on a design that is 50 years old. The new tower 
is constructed to carry a theodolite and certain electronic 
distance-measuring devices. It is placed inside another light­
weight tower, developed during the past year by a priva te 
manufacturer, which supports the surveyor so that bis 
movements do not disturb the instrument. 
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Geological Survey of 
Canada 
The Geologica l Survey of Canada ente red th e 1970's with a 
considera bly expanded ma ndate. This d er ived in large 
measu re from th e new emphasis on the protection of th e 
na tura l environment a nd th e prese rvation of .ecological 
patterns, on th e one hand , a nd on th e need for nationa l se lf­
su ffi c iency in minera i resources, especially energy reso urces, 
on the other. 

This led th e Survey to expa nd very grea tly its investigation of 
terrains, from an engi neer ing a nd co nserva tion point of v iew, 
the probing of the ocean bottom, near shores and on th e 
continental shelves, a nd its inventory and prognosis of 
ex isting and probable minera i resources. 

Along with this work , th e Geologica l Survey continued to 
map th e bedro ck geo logy of Canada a nd to study th e 
processes that have led to th e formation of th e Canadian 
landmass and whose und erst a nding is esse ntial in the search 
for valu a ble depos its. 

The total budget of th e Geological Survey in the fi sca l year 
1973-74 was $19,830,000, of which abou t $600,000 was 
contributed by other federal departments (mainly for joint 
research projects in th e Arct ic). Of this, fi eld work cons um ed 
$4.5 million, a nd the long- term fcdera l-provincial 
aeromagnet ic surveys, which are let out to con tra ct, 
$1,130,000. Most of the remainder of th e budget went to 
sa lar ies and eq uipment. 

The a ppo intment of a new director, Or . Oigby McLare n, the 
former hea d of the Survey's Ins titute of Sedimentary a nd 
Pctroleum Geology in Calgary, occurred du ring th e year. (Th e 
former direc tor, Or. Yves Fortier, became Senior Advisor, 
Ea rth Sciences, to th e Ass ista nt Oeputy Minist er, Science a nd 
Tech nology.) 

The fol lo w ing projects may exemp lify th e work of th e 
Geolog ica l Survey du ring 1973-74, as it would be 
impra c ti cable to give here a description of each of the 493 
projects und ertak en th a t year-many of them of equa l 
import a nce. 

Of par ti cul a r interes t bath to geo logical science and to the 
prospecting indus try was a continu a tion of th e Beor-S lave 
Geochemical Operation, star ted in 1972. This survey, based 
chi efl y on the sam pling of Ja ke sediments, covered a n area of 
about 93,000 square kilometres (36,000 sq uare mi les) north of 
Grea t Slave Lake. The follow-up in 1973 covered an area of 
3,800 square kilometres (1,500 sq uare miles), a nd labora tory 
and office assessmen ts con li nue. 

Field party of Geolog ica l Survey of 
Canada surveys beach morphology 
ncar Tukloyakluk, N.W.T., o n lhe 
shore of the Arctic. (lnset) Discussing 
the day's findings of a gcoc hcmica l sur­
vey near Grea t Bear Lake . 

Loading drum s with rock sa mpl cs col­
lected on geoc hem ica l survcy a l Wop­
may Lake, N.W.T. 
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Geochemical surveys, a re latively recent d evelopment in 
geology, are based on the fact that ail meta ls contained in th e 
ea rth's crust tend to "migrate." This means that the chemical 
compounds containing the metals are disso lved by 
groundwater and are ca rri ed along with il , often over 
considerable distances, aft er which th ey may beco me lodged 
in rocks and sediments. Thus a minerai deposit will beco me 
surrounded by a " halo" of weaker co ncen trations. Seing very 
large, th e halo is naturally much easier to spot than th e 
deposit itself, especially as th e halo ma y appear at grou nd 
leve l, while the d eposit originating it may be buried a t 
considerable d epth. How eve r , metal concentrations in the 
solut idns are usuall y ex tr emely weak, being measured in parts 
per million, and highly sensitive labo ratory methods are 
required to establish them. 

Geochemical surveys h ave become a valuable tool in geo logy , 
as th ey may give indications of metal potential in certain 
areas. However, they are not equally us eful or reliable in ail 
types of terra in. Areas with dense deciduous fores t caver, for 
exa mple, are poor geochemical areas, as th e vegetation 
processes tend to obscure or distort th e readings. On th e other 
hand, th e sparse coniferous vegetation of Canada's subarcti c 
regions, su ch as th e area north of Great Slav e Lake, was 
believed to be excellent "hunting ground" for th e 
geochemist-which wa s borne out by th e Bear-Slave 
operation. A number of inte resting anomalies-unusually high 
contents-were noted , and hypotheses w e re put forward to 
explain them. lt was found that the ge neral picture indicated 
by the geochemical survey did not conform rea dily to the data 
produced earlier by reconnaissance bedrock mapping; 
geo logists b elieve that a re-evaluation of earlier, sta ndard 
surveys may be required. If such a second look should show 
th e anomalies to be associated with si liceo us vol ca nic rock s, 
the minerai pot ential would be rega rd ed as high. 
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Th e two-yea r operation was carried out with a sma ll s taff, 
thanks to the high mo bili ty made possible by small aircraft 
a nd helicopters. A field laboratory was.se t up for rapid 
sample analysis. Parts of th e area under investigation were 
a lso overflown to provide color air photographs to aid in the 
geological interpretation. 

It was the largest a rea in Canada ever to be subjected to a 
geochemical survey of this type. The preliminary report on 
th e operation conclud es that the region " is eminently suitable 
for applied geoch emistry ; indeed, in places it may be close to 
id ea l. " 

Chemical analyses also played a n important part in another 
hi ghly interestin g and unusual projec t of the Geological 
Survey-a sampling of hot Springs in British Columbia to 
assess their geo th e rmol potentiol. Th e recent crisis in th e 
petroleum market and the general ap prehens ion that 
traditional energy sources may become strained or depleted 
has naturally directed attention to untap ped sources. The 
so -called hot springs which are found in regions of recent or 
current volcanic activity are such a potential source. In 
Canada, hot springs occur mostly in the geologically young 
and active mountains of British Columbia. 

Until now, prec ise dat a on British Columbia's hot springs 
have been scarce, and the preliminary report on th e survey 
states that " th e geothermal potential of western Canada is 
impossible to assess on the basis of exis ting data . Severa! 
Quaternary volcanoes (i.e. , those no older than about one 
million years) in British Columbia have produ ced lavas of an 
age and typ e commonly associated with hydrothermal fields 
elsewhere, but no active fumarol es or boiling s prings are 
known in Canada." Of course, warm water issuing from th e 
ground may indicate boiling water a t d ep th; but this will not 
be verified without detailed investiga lion. 

Th e chemical composition of the water provides ev id ence of 
th e conditions at depth-water with a high content of silica 
usually indicates a recent or hot volcanic environment , 
whereas a high content of carbonates indicates an aider, 
cooler environment. 

Therefor e the sampling progra m ca rri ed out during the 1973 
fie ld season embraced chemical analyses as well as other 
techniques on approximately 50 th e rmal springs in British 
Columbia. Sorne sampling was also carried out during th e 
winter. 

Th ere appeared to b e no temperature difference in hot spr ings 
betwee n summer and winter. One hot spring, located about 
160 kilometres (100 mil es) north of Vancouver had a 
temperature of up to 60°C (140°F), and the drill pip e 
ex tending into th e spring was so hot that the drill ers could 
barely handle it. Even th e rocks some distance from hot 
springs s till show high temperatures. 



Top: Members of a geo log ical " fly 
camp" load their gca r on an "Otter" for 
return Io base ca mp. Bot!om: Geologist 
us es s ma ll s ledge hammer to obta in 
rock sam pi es for geochemi ca l survey. 

23 



Top lefl: Brief pause during helicopter­
supported field survey: Th e geologist 
makes entries in his not e book, while 
th e chopper pilot refuels. Bollom lefl: 
Making not es during geological tra­
verse. Righi: Terrain scicntists col lec t 
sample of beach material on th e shore 
of the Arctic. 
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The way in which geothermal energy may be convert ed to 
pra ctica l use in Canada is not yet certa in. A problem is also 
presented by th e lack of leg islation cove rin g access to and use 
of thermal springs. Mining leg islat ion has not so far concerned 
itself with th ese natural phenomena, a nd this question will 
have to be dea lt with before developmen t ca n beg in . 

Th e legacy of recent geological ac ti vi ty is also the subject of 
a nother type of inves ti gation ca rri ed out by the Geological 
Survey in 1973-74-that of the /andslide-prone areas of the 
Ottawa valley. 

The so-ca lled Champlain Sea - a la rge invasion of the sea into 
the St. Lawrence River v.a ll ey and adjacent regions about 
10,000 years ago-left behind large amounts of sea-bottom 
sed iments, mostl y clay. In many parts of the area th ese 
sediments have since been washed aw ay, but where they 
remain th ey often represent a considerable h azard, as they 
have th e ca pa city to store up large amounts of water, which 
may cause them to turn into sliding mud with little warning. 
Th e disastrous landslide at St. Jean Vianney in 1971 and the 
lesser slides at Templeton and Chelsea in 1973 (in Quebec) 
and the 1971 slide a t Casselman (Ontario) a l! started in these 
Champlain clays. Geologists hope tha t they will be abl e to 
classify soils in th e area affected by th e deg ree of landslide 
danger, so that builders and homeowners will be left in no 
doubt as to th e risks th ey may be ta king. 

What makes such work even more important is th a t ce rt ain 
other areas of Canada also h ave soils dating from the same 
period and having th e same chara cte ri st ics. This applies, for 
examp le, to thousands of sq uare kilometres around the 
sout hwestern part of Hudson Bay. The only reason why 
landslide damage has not been report ed from that area is that 
settlement is so sparse there. If enough informa tion ca n be 
obtained before th e advent of develop ment-e.g., pipelines or 
other trans1rnrta tion routes-construction may be planned in 
such a way that slid e dangers will be aver ted . 

Th e ocean and seabed off Canada's east coast may well 
beco me a large new source of minera! wealth, in addition to 
the wealth in fish es a nd other sea food. In order to understand 
the peculiar marine environment and the forces that continue 
to shape it, the Atlantic Geoscience Centre of the Geological 
Survey has been carrying out a broad range of investi ga tions 
in marine geology. 

One such s tud y, in th e Summer of 1973, co ncern ed past and 
present processes affec ting th e nea rshore environm ent in the 
Strait of Canso a nd Chedabucto Bay, Nova Scotia. Not only 
has that area seen important industrial development in recent 
years, due in large part to the co nstru ction of the ca useway 
linking Cape Breton Island to the mainland , it has also been 
th e scene of a disastrous o il sp ill from th e tanker "Arrow" in 
1970, which fouled many of the beaches. 

Geologists set up a temporary la bora tory in a Port 
Hawkesbury school gymnasium and had a small vesse! at 
their disposa i for surveys and sampling. Participating in the 
program were 31 scientific and technical staff representing 
fiv e research agencies from government and a univers ity. 
Activities included co mpreh ensive bottom sampling, water 
sa mpling for suspended solids and d issolved constituents, a 
sha llow seismic survey a nd coastal mapping. 

Th e scientis ts found that the construction of the causeway 
had divided Canso Strait into two distinct ocea nographic 
environments with pronoun ced differences in the sait content 
and temperature stra tification. The quality of th e bottom 
sediments and the water has been affected by industrial 
wastes from the industrial p ark at Point Tupper. Living 
foraminifers-tiny uni cellular animais that populate the 
oceans in vast numbers-were completely absent, and the 
water was highly turbid and contained traces of metals . Mu ch 
of the coastal environ ment of Chedabucto Bay was still 
affected by th e residu e of the oils from th e "Arrow " disaster. 

Th e study sheds new light on the effect of indus tri al activities 
on marine ecology. 

Projects th a t do not take place in the fi eld but that are at least 
of eq ua l importance are the eva /uation s of Canada's fu els 
and minera is th at are being carried out by the Geological 
Survey's Institute of Sedimentary and Petrol eum Geology in 
Calgary a nd by head office staff in Ottawa. By using al! 
ava ila ble data on geo logical settings, in Canada and abroad , 
that are known to be favorable for the occurrence of certa in 
types of fuels or ores, along with data from oil and mining 
companies, eco nomic geo logists engage in "plays" that may 
yield better assessments of our energy and resource prospects, 
thus helping to plan a ppropria te regulatory measures. 

In order to provid e th e broades t possible base for such 
eva luat ions , the federal governmen t is negotiating with 
provincial govern ments-which carry out their own geological 
st udies-for a joint eva luation program covering al! non­
renewable reso urces as w ell as terrai n types . 
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Machine feeding excavated tar sands 
onto conveyer belt, al Athabasca Tar 
Sands. EMR is advis ing the government 
on development and financing of these 
and other energy sources. 

Mines Branch experts have developed 
new melhods for safe ly increasing the 
gradients of open-pit mines such as this 
one, thereby reducing the overall size 
of the pit and making excavation more 
econom ica l. 

Mines Branch 
The Mines Branch is a large laboratory a nd pilot-plant 
comp lex conduct ing rescarch to develop new and better 
methods of extracting minerais and fuels from the earth's 
crust and processing them into useful products. Today's twin 
demand for new sources of energy and minerais and a clean, 
attractive environment are reflected in the research and 
developmcnt work of the Mines Branch. As most of Canada's 
high grade and readily accessib le minerai deposits are a lready 
being mined, research emphasis a t the Mines Branch is placed 
on developing recovery techniques for ores and minerais that 
present problems because of low grade, impurities , or 
complexities of minerai composition. The total budget of the 
Mines Branch in the fiscal year 1973-74 was $14,116,000. 

Dr. Donald Coates, formerly the head of the branch's Mining 
Research Centre, was appointed director of the Mines Branch, 
succeed ing Dr. John Convey, who was recently appo inted 
Senior Ad viser on Mining and Metallurgy. 

In 1973-74 the "energy crisis" struck Canada, underlining the 
importance of extcnding ex isting energy reserves as well as 
developing new sources of energy. Fue ls research a t the Mines 
Branch in cludes a comprehensive eva lu ation of the quality of 
Canada's fossi l fuels and the development of refining methods 
for the low-grade petroleum of the Athabasca oi l sands. The 
enormous potential of the sa nd s cannot be tapped until 
efficient, economical techniques can be developed for 
separating the oil from the sand, and upgrading the oil for 
commerc ia l use. Sorne of Canada's low-grade crude oils 
contain unwanted su lphur and traces of nickel and vanadium. 
Mines Branch fuel experts have developed a "hydrocracki ng" 
process which e limin a tes much of the nickel and vanadium, 
reduces sulphur content, a nd increases the fuel yie ld by about 
20 percent. In this process, the production of waste coke is 
virtually e liminated , a nd the liquid product bas a wide range 
of fuel uses. The process is now ready for testing on an 
industrial sca le. 

As energy needs grow and the cost of oi l and gas cont inu es to 
rise, coa l will be used in creasingly as a source for thermal 
electric ity , espec ial ly in the coa l-r ich western provinces. 
During the year, the Mines Branch continu ed work on a 
federa l-p rov in c ial project to determine the amount of lignite 
coo l in the Ravenscrag Formation in Saskatchewan that can 
be used for thermal power production for the next 20 years. 
About 1,500 samp les have been ana lyzed annua lly for the past 
two years, and th e assessmen ts and recommenda tions arc 
expected by the end of 1974. Discussions are going ah ead with 
the provinces concern ing s imilar projects . 

In add iti on to developing the technology for opening up new 
sources of fuel for the future, the Mines Branch is a lso seeking 
the most efficient methods of using ex isting energy resources. 
Combust ion experts pe rformed a ser ies of winter driving tests 
on an assortment of automobiles under highway and stop­
and-go city driving conditions to measure fuel economy and 
pollutiJn cmissions. It was found that many strategies could 
be followed to improve gasol in e mileage and redu ce 
significantly pollution ernissions from current designs of 
engines . Severa! fuel-economy devices attached to the engin es 
were tried out, and some increased gaso line mileage 
con s i der a bly. 
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After many years of research the Mines Branch has also 
developed a "blue-flame" oil-furnace burner that reduces fuel 
consumption by about 10 percent during a typical winter and 
is virtually nonpolluting. The burner is now ready to go to the 
industria l prototype stage and may one day become a 
commodity item. 

Transporting liquid fuels through pipelines is another area of 
Mines Branch expertise. In the future, mu ch of Canada's oil 
and gas will corne from faraway frontier areas, and reliable, 
durable pipelines will be a necessity. Accordingly, metals 
research at the Mines Branch is now focusing on ensuring the 
structural soundness of pipelines for use in the Arctic. A 
major pipeline project has been launched to study the 
behavior and use of metals and alloys in the harsh Arctic 
environment. Branch metallurgists are testing pipeline metals 
for strength, weldability, corrosion, cracking, brittleness, and 
ductility in order to select the best materials for the job. 
During 1974 the branch will produce a monograph on metals 
and alloys for use in the Arctic, and a report on the structural 
suitability of the proposed pipes for the Mackenzie Valley 
pipeline. 

Mining research is aimed at maximizing ore production from 
bath open-pit and underground mines with minimum cost 
and environmental disturbance. The second year of a five­
year $4-million project to optimize the design of the rock 
slopes of open-pit mines was completed on schedule. The goal 
of the project is to reduce the excavation of waste rock from 
open-pit mines by more than ten percent a year-a reduction 
of some 35 million tons that could save the mining industry up 
to $50 million annually. In 1973 the total budget for the project 
was $650,000, of which $450,000 was contracted out. At the 
completion of the project, an engineering manual on pit-wall 
design for the use of operating engineers will be produced. 

Mine safety is also a major concern of the Mines Branch. 
Bigger mach ines and deeper mines have produced an 
underground working environment demanding more attention 
to pollution by dust, radiation, noise and diesel exhaust 
fumes . At branch la bora tories in Ottawa and Elliot Lake, 
scientists are testing the sources, effects and methods of 
controlling harmful components of mine air. In co-operation 
with a private research foundation, the branch has modified a 
dust sampler which gives a more accurate reading of dust 
levels in metal mines. These instruments are now being tested 
in several mines. 
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Particulate emissions from diesel engines used in 
underground mining are also being studied to determine the 
effectiveness of water scrubbers and afterburners to remove 
harmful carbon particulates. Test results to date will provide 
new guidelines for mine-ventilation design. Branch scientists 
are also developing monitoring systems for an early warning­
detection system to prevent explosions. 

Over the years the Mines Branch has developed a sound 
reputation for its close working relationship with industry. An 
example of this effective relationship was illustrated in 1973 
with the completion of a project to develop a process for the 
production of spodumene, a lithium-bearing minerai used in 
the manufacture of heat-resistant glass. Branch scientists 
developed a difficult and complex flotation process for the 
spodumene, and industry applied this la bora tory work to 
pilot-plant scale. The branch has obtained Canadian and 
American patents for the process , which is now ready for 
commercial application. 

The Mines Branch is also working closely with industry on the 
development of a unique electric smelting furnace for iron 
ore. After a decade of research in branch la bora tories, a 
con tract for $303,314 has been awarded to a major Canadian 
steel company to further develop the process under industrial 
conditions. This nove! smelting process lowers energy needs, 
alleviates pollution problems, increases output and allows the 
use of coal as a source of carbon instead of the more 
expensive coke that is required for blast-furnace smelting. In 
this process, the off-gases from the electric furnace are used 
within the overall smelting process, reducing energy needs by 
about 30 percent. 

Industrial interest in the "shaft-electric furnace" has become 
keen in the last few years due largely to the increasing 
scarcity and cost of scrap steel as furnace feed, increasing 
energy costs , and a growing awareness of industrial-pollution 
problems. Since the shaft-electric furnace can be operated 
economically in smaller units than is possible with blast 
furnaces , such a unit could find use in small or medium-size 
steel plants located in areas where the population is tao small 
to support large integrated steel works. 

Other significant research related to steelmaking is aimed at 
finding a substitute for ex pensive and increasingly scarce 
imported coking coals-an essential ingredient in the smelting 
of iron ore. Western Canadian coal could provide a major 
supply of low-volatile coking coal, but there are problems in 
transporting western coal economically to major steel 
producers in the east. One solution is to transp.ort coal in an 
oil slurry through a pipeline. In this way, bath thermal coal 
for use in electric generating stations and coking coal could be 
transported over long distances. Branch researchers are 
studying methods for separating coking coal from such coal­
oil slurries without deterioration of the coking characteristics. 
So far, la bora tory tests have shown that separation is 
technically feasible. 



In the field of minera/ sciences, a whole range of physical, 
chemical, crystallographi c, and magnetic studies determine 
minerai characteristics important to th e extracti on and 
processing of minerai ores . A promising new project was 
started during the year to assess the potenti.al of sophisticated 
image-analys is equ ipment for a whole range of mineralogical 
research. Using th is "image ana lyzer" it is possible to 
determine quickly and efficiently the proportion of each 
minerai in an ore sample, and the size distribution of these 
minerais. This information determines the minerais which 
must be concentrated in order to recover spec ifi c elements, 
and the size to which the ore must be ground to liberate the 
minerai. The image analyzer makes routine tasks th at are long 
and comp li ca ted with traditional methods. 

Branch scient ists have used the image a na lyzer successfuily to 
a nalyze many ores, including a fine-grained zin c ore of a type 
that occurs in New Brunswick but that is not found in any 
currently producing mine in Canada. It does, however, occur 
at the Santa Lucia zinc deposit in Cuba, and Mines Branch 
expertise was en listed by the Canadian Int ernat ional 
Development Agency (CIDA) to help with finding a sui table 
method for processing the ore. Studies have shown th a t the 
fine-grained ore of New Brunswick and Cuba requires very 
fi ne grinding to achieve optimum minerai separation. The 
Mines Bra nch also assessed a silver deposit in Morocco a t the 
request of CIDA and found th e ore of suffi cien t potential to 
support a small mining ope rat ion. 

More th an 30 per cent of the total Mines Branch research 
budget is assigned to various projects rela ted to 
env ironmental improvement, some of which have already 
been mentioned . One of the goa ls of the bra nch is to d evelop 
new method s of processing and recovering minerai resources 
th at will reduce environmental problems . In 1973--74, research 
con tinued on hydrometal/urgica l methods of processing 
sulphide ores that avoid th e sulphur-dioxide pollution caused 
by conventi onal smelting pro cesses. 

The initi a l phase of hydrometa llurgica l treatment is leaching. 
Th e ore is trea ted with a liquid that disso lves the valuable 
metal compon ents. Once in solution, the meta l products can 
be separated and ultimately recovered by such processes as 
solvent extraction , ion ex change, a nd electrolysis. Th e 
sulphur produced as a by-product is nonpolluting a nd h as 
commercia l potential. Branch metallurgis ts have developed 
hydrometallurgica l processes, some simple and some more 
comp lex, for the treatment of nickel-copper-iron sulphide 
concentrates th at can recover nickel (along with associated 
coba lt) and copper to produce either crude or refin ed metals. 
Such processes, in addition to being nonpolluting, would 
prove especia lly usefu l when the size of an ore deposit is too 
sma ll to justify the costs of building a conventional smelting 
complex . A plant using hydrometallurgical processing cou Id 
be built at the mine site. 

In another area of env iro nmental research, studies are 
continuing on converting min era / wastes into useful products. 
In 1973--74 processes were develop ed for: th e manufacture of 
mineral-wood insulation from asbestos ta ilings, produ ction of 
dry-pressed brick from iron-mine tailings and production of 
calc ium-si li cate building bri cks from the residues of 
magnesium metal production . Bra nch scientis ts are also 
st ud yi ng methods for recycling cans from ga rbage to reclaim 
tin and steel comp onents. Successful results of this new 
project could lead to far wider applications of scrap-metal 
re-use. 

Not ail min erai w astes, however, ca n be co nverted into useful 
produ cts . In fact, most mining and metallurgica l wastes end 
up in tailing ponds a nd waste dumps, with potential for h arm 
to the environment. To minimize the environmental effects of 
these wastes, branch researchers are s tudying a variety of 
methods for removing harmful s ubsta nces from water, 
efflu en ts and ta iling ponds befo re they enter drain age systems. 
Tests were conduc ted on the problem of water contamination 
caused by the weathering (ex posu re to atmospheric factors 
such as wind, rain , sun) of sulphid e-containing tailings from 
processing mills. Tests were a lso carried out on the tend ency 
of certain clays to absorb polluting traces of metal from mine­
waste waters. During the year research continued on the 
revegetation of mine w astes. Not only does revegetation 
prevent eros ion by w ind and water and reduce the polluting 
effects of airborne dust an d seepage water, but it is more 
pleasing to the eye than exposed waste dumps. Field-plot and 
growth-ch amber studies w ere done on acidic min e tailings in 
th e Elliot Lake area to determine the most suit a ble plants a nd 
fertilizers for soi!, weather, surface, a nd sun and wind 
conditions. 
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A gco phys ici s t with the Earth Ph ys ics 
Branch meas ures the declination a nd 
clip of the earth's mag nc tic fi e ld ncar 
th e norlh mag nctic pole off Bathurs t Is­
la ne! in the Canadian Arctic. Data from 
the study wcre used la calculatc the 
ncw position of the wand c ring pole. 

Earth Physics Branch 
The Earth Physics Branch, during 1973-74, diverted most of ils 
efforts from the regular, continuing programs to urgently 
required geophysical studies and research projects concerning 
exploration and resource development in the Canadian North 
and West. 

Generally speaking, the branch studies the seismic, 
gravitational , geothermal , geodynamic and geomagnetic 
properties of the Canadian land mass and their relationship to 
similar data from across the world. These basic geoscience 
services provide key information for resource development, 
energy transportation, navigation, telecommunications and 
national defence and contribute to knowledge of the 
geological evolution of Canada and geological hazards such as 
earthquakcs . As part of ils routine work the branch also 
maintains a network of seismic , geomagnetic and earth­
motion observa tories a cross Canada and produces maps of 
the gravity and geomagnetic fields. 

During 1973-74, the branch operated on a budget of $4,892,000, 
of which $1,318,000 went to the Gravity Division; $1,369,000 to 
the Division of Geomagnetism; $1,572,000 to the Seismology 
Division and $633,000 to administration. 

A principal highlight for the year was the appointment of Or. 
K. Whitham as director in December, 1973. He replaced Dr. 
John H. Hodgson who accepted an UNESCO position in the 
Philippines. 

During 1973, the Seismology Division completed a seismic­
hazard study for the northern Yukon and the Mackenzie 
Valley. The study is in three parts. One part, published as 
"Seismic Risk in the Northern Yukon and Adjacent Areas," is 
an historical account of seismic occurrences there. The second 
part, soon to be published, outlines the microseismic events 
(those too small to be routinely recorded by the division 's 
seismic network) registered du ring a special six-week 
experiment in 1972. The third partis a theoretical calculation 
of what would happen to the ground near a pipeline if an 
earthquake of a certain size occurred in the area. ln the 
future , similar studies will be do ne for Arctic areas that show 
potential for resource development , particularly if that 
developmen t i ncl udes pipelines . 

Earth physicist checks the position of a 
rock core to be used in paleomagnetic 
survcy. 
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Improvements made at the seismic-array station in 
Yellowknife, N.W.T., now allow se ismic even ts to be 
compu ter-processed there as they happen, th us elimin ating 
the delay caused previously by having th e magnetic tapes 
processed in Ottawa. The sta tion was estab lish ed in 1962 to 
do research on discrimination between ea rthquakes and 
nuclear exp losions. At the station, seismometers are arranged 
in an array and any ground motion they detect is transmitted 
to the new comp uter which monitors , digitizes and analyzes 
a il incoming signa is and immediately detects any seismic 
events. A telephone connection between computers in Ottawa 
and the Yellowknife equipment schedu led to be established in 
the near future will make the processed information ava il ab le 
in Ottawa within 24 hours. 

Early in 1974, the geotherma l unit of the Seismology Division 
began to assess the possibilities of geothermal power as a 
feasible energy source in Canada by shallow drilling in the 
Lillooet Valley area of southern British Co lumbi a. This region 
has potential as a source of geothermal power because of the 
hot springs there and a lso because it is close to the urban area 
around Vancouver. This work, conducted with the co­
operation of the Geo logica l Survey of Canada, is only part of 
the unit's program which actua lly centres on p ermafros t and 
heat-flow studies. 

Results from a feasibility experiment carried out during the 
summer of 1973 in th e Quesnel area of British Columbia with 
th e Vibrosis deep-reflection technique of studying th e 
structure of the earth's crus! are encourag ing and indicate 
that the technique is usefu l for future branch work. The o il 
industry has used this device regularly to study potential oil­
bearing structures to a depth of three to five kilometres, but its 
use by the bran ch to 30 or 40 kilometres (20-25 miles) is quite 
new . This is the first lime the division has used the device and 
th e first lime it has been tested in an area a lready 
geop hysically surveyed so that results can be compared with 
th ose already estab lished. The technique, which relies upon 
th e reflection of vibrations sent into the crust from the surface, 
is valuable because the equipment is easily transported by 
truck. It is also "cleaner" than present techniqu es, many of 
which use explosives , and enables seismologists to obtain a 
more detailed picture of crusta l structure. 
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A team of four geophysicists from the Division of 
Geomagnetism ca lcul ated th e present position of the ea rth 's 
north magn etic pole as just north-west of Bathurst Island at 
77.1°N, 101.8°W following a two-month trip to the Arctic 
during th e summer of 1973. This is th e first lime since 1962 
that the position of this perp etual wanderer bas been 
established by ground observation . The magnetic pole is now 
moving about 11.5 mil es north and 1.2 miles west per year. 
This wandering is evidence of secular or slow change in th e 
orientation of the earth's magnetic field . Assigning the 
magnetic pol e a provisional location every five to ten years is 
essential for th e production of magnetic maps and for 
establishing a pattern of variations in compass readings for 
th e Arctic. Such knowledge is necessary for naviga tion in the 
area. Data for the calcula lion came from four temporary 
stations set up on sea ice and Iwo permanent magnetic 
stations at Resolute Bay and lsachsen. The team also 
estab lished 21 temporary stations in the northeas t Arctic to 
study other aspects of secular change in the earth's magn eti c 
fields. 

An important study, based mostly on paleomagnetic data , 
showing the relationship between oil occurrences and 
climate, nutri ents and tectonics (particularly plate tectonics 
which have governed continental drift through geological 
ages) was published early in 1974. The paper argues, in bri e f, 
that plate tectonics govern the preservation and pooling of oil 
as well as the formation of oil deposits, which results from a 
comb ination of climate, nutrients and water that is su it ab le to 
the growth of oil-forming plankton. Paleomagnetic data , 
drawn from the study of magnetism in ancient rock, are 
important to the theory of plat e tectonics because magnetic 
particles in many rocks align themselves with the orientation 
of the earth's magnetic field at the lime the rock is form ed so 
that any shift in continenta l location since that lime is 
indi cated if the magnetic alignment of a rock is differe nt from 
an alignment expected for a rock of that geo logic age. 

Calculations for the first geoidal map of Ca nada were 
completed by the Gravity Division during 1973 using th e new 
world gravity standards adopted by the International Union 
of Geodesy and Geophysics in Moscow in 1971. The map 
shows the shape of the geoid under Canada which 
corresponds approximately to sea leve l and takes into account 
the curved surface of the earth. It will help geodesists and 
cartographers to correlate survey measurements made on 
Canada's land surface and measurements of the geoid as a 
basis for accu rate map preparation . A geoidal map is 
especial ly useful in Canada where mapmakers deal with a 
large landmass and varied topography. The calculat ions for 
the geoidal map are accurate to ± 5 metres as far as 
measuring the total surface of the earth goes and ± 1 metre 
for loca l measurements. This accuracy is adequate for current 
needs, but a better knowledge of the geoid will be necessary in 
the near future to meet the needs of geodesists and 
geophysicists using improved electronic distance-measuring 
instruments and satellite Doppler receivers which establish 
survey measurements by measuring, from points on th e 
ground , th e Doppler frequency shift of satellites above (see 
Surveys and Mapping) . 



A new edition of the Bouguer an orna/y map of Canada was 
published by the Gravity Division in 1973 compiled from some 
350,000 gravity observations made on land and sea . Major 
contributors of information were the Gravity Division and the 
Atlantic Geoscience Centre. Other important contributions 
were made by provincial agencies, universities and petroleum 
and minerai-exploration companies. The new map, which 
shows gravity variations for most of Canada, is based on the 
International Gravity Standardization Net (1972) and the 
Geodetic Reference System (1967) and, in future , information 
from ail gravity stations in Canada will be given in terms of 
the new international absolu te gravity system. Another 
innovation in producing the new map was the use of 
automated methods to organize data, convert them into the 
new system and smooth and contour it . 

Geologist and earlh physicist on coring 
project. 

The Gravity Division acquired two satellite Doppler receivers 
to help in the study of polar motion which has been carried 
out to date with Photographie Zenith Tubes (PZT's) at 
Shirleys Bay near Ottawa , Ont., and at Priddis near Calgary, 
Alta . Like the PZT's, which are an astronomie technique for 
photographing stars as they cross the zenith, the receivers are 
keyed to an international program for determining th e 
position of the pole of rotation of the earth. As part of a 
world-wide network, they observe , every day , al least five 
satellites that have been put in orbil by the United States to 
allow receivers to accurately assess their positions in latitude 
and longitude by measuring the satellite's Doppler frequency 
shift. The receivers, operated alongside the two PZT's, 
measure irregularities in the position of the rotation al pole to 
within one metre over a few days. The study is important 
because irregularities in polar position may indicate changes 
in mass distribution within the earth arising from major 
earthquakes. Other practical applications of the study include 
greater accuracy in geodetic observations, aligning radio 
te lescopes and monitoring deep-space probes. 
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Part of a n im age obtained by the Earth 
Resources Technology Sa tellite (ERTS) 
over Byam Martin Channel in the Arc­
ti c. Such imagery is useful in determin­
ing th e pos ition a nd movements of sea 
ice. 

Canada Centre for 
Remote Sensing 
Th e Canada Cen tre for Remot e Sensing was estab lished in 
1971 as a branch of EMR. According to officia l documents, il s 
purpose is " to co ll ec t, process, dissemina te and develop 
a ppli ca ti ons for data app li ca bl e to resource management a nd 
environm ental co ntrai o f Ca nadian la nd and ocea n masses, 
which are obtainable from specia lized remote se nso rs in 
a irborne and space veh ici es." 

In order to carry out ils function, CCRS ca n ca ll upon a fleet 
of four a ircraft based al the Ottawa airport a nd equipp ed 
with var iou s sensor co mbina tions. It a lso opera tes a sa tellit e­
rece iving station a t Prince Albert , Sask. , which records 
image ry fr om th e Earth Reso urces Technology Satellite , 
launch ed by NASA in 1972, gro und data- handling fa c ilities in 
Ottawa and Prin ce Albert, and a n app li ca ti ons la bora tory in 
Ottawa eq uipped with in strumen tat ion for image processing 
a nd analysis. 

Th e an nu a l budge t of CCRS is approximately $6 mil lion. Of 
this , th e Airborn e Divis io n spent about $2 milli on a nd the 
Data Processing Div ision (which a lso ope ra tes the Prince 
Albert Satellite Station a nd a il of th e computer inst a llations 
in Ottawa) spent a bout $0 million; the App lica tions Divisions 
spent about $800,000. The rema inder went for administrative 
a nd similar expenditures . 

Brok en down in another way, $2 million of th e total budge t 
went for ca pital ex penditures, a nd $4 million for operating 
expenditures . Remote sensing is a hi ghl y automated 
technology, and purchase a nd rep lace ment of compute rs and 
other co mplex equipm ent absorbs a considerable proportion 
of the budget. 

Now th a t some two years have passed since the introduction 
of la rge-sca le a nd integra ted airborne a nd sarell ite remote 
sensi ng in Canada , th e lim e has arrived for reviewi ng some of 
th e results and assess ing to what extent ea rly promises and 
ex pecta ti o ns have been fulfilled. 

Not surprisingly, benefit s have been grea tes t and most 
obvious in a reas peculi ar to Canadian geography and 
se ttl ement patterns. Thu s the Arctic, whose vast ex tent a nd 
poor accessibility still raise formidab le obstacles to 
exploratio n and transportation, is an espec ially fruitful fi e ld 
fo r remote sensing. In th e summer of 1973, for exampl e, an 
at tempt was made by Donald Fisher & Associa tes, Prince 
Albert, to trans mit ERTS imagery to sh ips operating in th e ice­
in fested waters of the Arctic Archipelago. Th e transmiss ion of 
th e imagery, which show ed ice conditions in the Arcti c 
waters, was experimental , and il will be put on a more so lid 
bas is in 1974. However, a geophysica l- explorati on ship 
ma naged to avo id costly d elays and to sa ve thousands of 
doll a rs by being adv ised of ways of circu mven ting th e ice. If, 
as is expec ted, sate llite imagery will provid e ice coverage that 
is al least as good as if not better th an th e visua l observations 
th us far made from a ircraft patrols, the patrols may be 
reduced, a l grea t savings to th e tax payer. It has been 
estima ted that a nnua l sav ings of $4 to $8 millions ca n be 
ac hi eved with present technology in the ice reconnaissance 
fie ld. 
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The remote sensing of crops also app ea rs headed for a big 
future. The "Spring Wh ea t Project," carri ed out parallel in 
Canada and the United Sta tes, is a imed at iden tifying wheat 
acreage in certa in se lec ted areas of the western provin ces, 
from sa tellite imagery. The project is based on the principl e, 
basic to mu ch of remote sensing, that different types of 
vegetation have differe nt "spectral signatures," expressed as 
the relative a mounts of solar radiation at a number of 
wa vele ngths refl ected from an element of the earth 's surfa ce. 
For examp le, the numb er of such elements on one satellite 
image is about 16 million. To analyze such imagery with 
hum a n observers is obviously imprac tica ble; but a correctly 
programmed computer ca n acco mpli sh th e work in short 
ord er . A team of researchers, drawn from various government 
age ncies, including CC RS a nd the Departmen t of Agriculture, 
is now working on ways and means of tra nsforming th e dat a 
into computer-processable form. 

The "Spring Whea t Project," like nearly al! other remote­
sensing proj ects, is dependent on three levels of observations: 
ground observers, who carry out "ground truthing" or spot 
checks to verify spectral signatures; airborne imagery , often 
obtained with photographie cameras; and satellite imagery, 
obtained with a multispectral scanner, a d evice operating 
somewhat like a color television camera. 

Th e air borne arm of the Canada Centre for Remo te Sensing 
flew about 300 projects during 1973-!74, with imagery obtained 
over nea rly 80,000 line-kilometres (50,000 line-mil es). The 
projects had been req uested by numerous u ser agencies­
federal, provincial, university, and private. 
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Airborne imagery was provided at nominal or no cost to most 
use rs during the year, but in order to place this service on a 
more realistic, self-sustaining basis, charges were set at $5.50 
per line-mile in 1974--75 and at $11.00 per line-mile in 197~76. 
There will also b e additional incidental charges. 

New sensors under development for use in aircraft are: a 
pulsed laser fluorosensor for de.tection of oil slicks on water; a 
stabilized camera mount for hydrographie mapping using 
photogrammetric techniques; a lidar system for airborne 
hydrographie sounding; and a microwave holographie radar 
for measuring ice thickness. 

It is th e policy of CCRS to turn as many remote-sensing 
operations as possible over to private industry. A major step 
in that direction will be the letting of a con tract for the 
operation and maintenance of the aircraft now used for 
airborne missions and presentl y operated by the Canadian 
Forces Airborne Sensing Unit. A request for a proposai for 
such a service has been transmitted to Canadian companies 
possessing ex pertise in the field of air surveys, and officiais 
hope that a viable airborne remote-sensing company will 
result, which may gradually acquire aircraft of its own and 
enter into independent dea ls with users. 

Another , similar plan calls for the transfer of al! the 
production of black-and-white satellite imagery from EMR's 
Ottawa la bora tori es to those of Donald Fisher & Associa tes at 
Prince Albert, with CCRS retaining only certain policy 
con trois . 

After experimentation with several fairly complex systems for 
id entifying and ord ering ERTS imagery, the so-called 
"ERTSFICHE" has been developed by EMR experts, and it 
has greatly simplified cataloguing, indexing and dissemination 
of ERTS data. It consists of microfilm reproduction of 
imagery , grouped by days and orbit tracks, enabling users to 
see exactly what each image con tains, along with extent of 
cloud cavet, before th ey order it. 



Polar Continental 
Shelf Project 
Polar Continental Shelf Project (PCSP) is the name given to an 
annually repeated effort on the part of EMR to provide 
electronic position-finding, air transportation and supplies to 
Canadian and foreign scientists and surveynrs exploring the 
northern Arctic, where the severe climatic and geographical 
conditions make it almost impossible for smaller field parties 
to opera te on their own. 

The total budget of the PCSP in 1973--74 was $3.1 million, 
nearly ail of which was spent on field activities, the overhead 
being extremely low. Base camps were kept al Resolute on 
Cornwallis Island and at Tuktoyaktuk near the Mackenzie 
River delta. Major field work was carried on from mid­
February to mid-October 1973, taking advantage of the 
warmer weather and long daylight. 

The biggest field projects, in terms of men and money, were 
hydrographie surveys in Amundsen Gulf and in Norwegian 
Bay; the former ran parallel with a gravity survey. 
Hydrography was carried out by staff of the Department of 
the Environment, and the helicopter, fixed-wing, and 
transportation support provided by PCSP amounted to over 
$400,000. 

Su ch geophysica l measurements and soundings of the sea 
bottom are an essential basis for further exploration-the 
search for offshore oil, safety of marine navigation, 
understanding the geo logy and the long-term processes that 
have shaped, and continue to shape, the geography of the 
Canadian Arctic. 

Altogether, the PCSP supported 65 field projects in 1973. Most 
of the major ones were undertaken by EMR and the 
Department of the Environment, and consisted of various 
types of surveys. Among the non-Canadian agencies taking 
part were several from the United States, one from 
Switzerland and one from Germany. The Swiss team made 
climatological observations during the winter of 1973--74, and 
the Germans excavated archeo logical sites on Banks Island, 
discovering interesting and remarkable stone and bone tools 
and ornaments. 

Other investigators studied the animais, birds and fishes of 
the Arctic, geological and geophysical features of the islands, 
glaciers, sea-ice behavior, and the effect of exploration and 
construction on the Arctic environ ment. 
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A co lo rcd Oare ma rks th e w incl d irec­
ti on o n a ma keshift la nding fi eld in the 
Arct ic . 

Top : Me mb ers of a P ola r Contine nta l 
Sh elf Projcc t fi e ld pa rt y pre pa re high 
ex pl os ives fo r a se ismi c tes t. Bottom: 
Low e ring a dive r th ro ugh a holc in the 
Ar ctic sea ice, as pa rt of a n ocea n­
ogra phi c stud y. 
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Explosives Division 
The Explosives Division is responsible for the administration 
of the Canada Explosives Act and related activities in th e 
exp losives field . One of th e main responsibiliti es of the 
division is contrai over all.faotories that produce commerci al 
blasting explosives, military ex plosives, blasting accessories , 
sporting a mmunition, fir eworks and other pyrotechnies. In 
addition to en~uring th e quality and safety of th ese ex plosive 
products, the Explosives Divis ion a lso oversees their road 
transportation , storage , sa le and importation. Control is 
exerc ised by a li cens ing system support ed by inspect ions by 
mem bers of the division. All licenses a nd permits are issued 
from the Ottawa office. 

The number of factories li censed to man ufacture ex plosives 
increased from 60 to 66 by Marc h 31, 1974. They produ ced 
abo ut 215,000,000 kilograms of com merc ial blasting ex plosives 
compared with 170,000,000 kilograms in 197.3--73. Producti on of 
fireworks, ammunition a nd blasting accessori es a lso increased 
but not to th e sa me d egree as co mmercia l blasting exp los ives. 

Since an amendment to the Canada Explosives Act in 1972 
restricting the sa le of high-hazard re crea tional fireworks to 
qu alified individuals, the Explosives Division has provided 
courses to qualify ca ndidates as "Firewo rks Sup ervisors. " By 
the end of March, 1974, about 2,500 perso ns had a tt end ed 
courses a t ce ntres across Canada. 

A Bill to further a men d the Explosives' Act to provide more 
effect ive control over th e sale, purchase, possession and 
security of explosives was recommended in 1973 by th e 
division and accep ted by Cabinet Commit tee in February, 
1974. 

_J 

RESEARCH AGREEMENTS 
The underlying purpose of the department 's Resea rch 
Agreements is to fund extramural resea rch and developm ent 
projects that are direc tly related to the department's mission. 
Canadian research organizations that are not directly 
managed by the federal government and that undertake 
resea rch in the natural , physica l and social sciences and 
engineering are eligibl e to apply on beh alf of individual 
investiga tors in their employ. 

The intention is to bring many kinds of expe rtis e to bea r on 
the problems of national policy, to app ly a multidisciplinary 
comp etence to th e development of advice to the government 
and information for th e community at large. The branches of 
EMR, with th eir disciplinary orientation , are responsibl e for 
assessing the proposais which re late to their own objectives 
and activities, a nd for monitoring the invest iga tions 
throughout the life of the agreement. 

Resea rch Agreements are made for th e following fis cal year, 
and th ose made for 1974-75 totalled $861,528. Th ey were 
conclud ed with 38 Canadian institutions, and represented a 
slight increase over th e preceding fis ca l yea r. 

Memb ers of university faculties will aga in rece ive the largest 
proportion of the funds-$769 ,428, divid ed among 106 
principal research individu als. Other awards are made to 
members of provin cial research counci ls a nd specific research 
institutions. 
Typical research projects inclu de: 
-th e eff ect of blasting on oil-sand slopes ; 
- geotechnica l properties of the Athabasca oil sands; 
-in -s itu recovery of oil from the Athabasca oil sands; 
-improvement of en ergy utilizati on in the transportation a nd 

urban u se sectors in Canada; 
-development of general-purpose computer simulation 

programs for petrol eum reservoirs; 
-combined pyrolysis-gasification of coa l a nd wood-waste; 
-li fe expectancy of Canada's oil and gas reso urces ; 
- a comput er system for storage, retri eval, and analysis of 

min era l-deposits data; 
-regional metallogenic analyses of Nova Scotia an d 

Newfoundland; 
- explo ration case-history studies of Canadian ore deposits; 
-radio-frequ ency interferometry as a pplied to ice and 

permafrost sounding; 
-sed iment movement in the Min as Bas in , Bay of Fundy; 
-urban cartography; 
-developmen ts in automated cartography; 
-local ea rthquake studies in th e Canadian Cordillera . 
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