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Introduction 

l n 1965 the Department of Mi nes and T echn ical Surveys 
conducted an inte nse, ever-wid eni ng research and survey 
program of importance to many aspects of Canadian endeav
our. Sorne projects were of immediate benerit to industry (e.g . 
minerai exploration, mining an d metallurgy) ; others were 
desig ned to furt her a part icu lar branch of science or engi neer
ing; still others provided information bas ic to mapping and 
desc ri bing the country's physica l features. And while many 
of the yea r's activi ties we re of long-term significance, most 
were designed to stimulate, directly or indirectly, the devel
opm en t of Canada's resources and to strengthen her world 
position in techno logy and science. 

The Surveys and Mapping Branch continued its acceler
ated mapping prog ram . A prime ai m: to complete the recon
naissance scale topographica l map coverage of Canada by 
1967. Nevertheless, many of the Branch's current projects 
re flec ted a pressing need for maps of larger scare with priority 
dictated by the requirements of ind ustry and resou rce devel
opment. Olten the work called for radically new techniques. 
Fo r example " Aerodist", an electronic di stance-measuring 
device used from the a ir was brought into pl ay over northern 
Quebec and the Arctic Islands; Echo 1 and Echo 11 sate lli tes 
were used as survey targets in geodetic work. 

l n 1955 th e Geo l o~ica l Survey of Canada seni out a field 
force of 110 ful l-lime and 35 short-term su rvey parties. 
Several operat ions- involving areas of over 200,000 square 
miles- were supported by helicopter; an d. thanks to the 
ingeniou s use of a ircraft, the Survey ex pects to complete its 
geological reconnaissance of Canada within the next few 
ye1rs. A measure of the demand for geological information 
is the fac! that in 1955 t he Survey provided over 310,000 
copies of maps and reports. 

At the same time geologists gave greater attention to 
more detailed investigations and to the development of new 
avenues of geological research. Special pro jects ca l led for 
palaeomag netic studies underway in western Quebec, studies 
of microfossils in Precambrian iro n-format io ns. geophysical 
surveys to aid the sea rch for water in the Prair ies, the devel
opment of a continuously recording magnetomete r and 
research in geochemical prospecting. T hese were a few in a 
broad spectrum of projects designed , in one way or another, 
to spur the discovery and deve lopment of Canada's mi nerai 
and other resources. 

The depart men t's Geographica l Branch is invo lved in 
st udi es of the natural landscape and man's impact upon it. 
Of particul ar significance was the Branch's work in the Arctic; 
and its lan d-use mapp ing, urban surveys and po rt st udies . 
M any of the pro jects under way in 1965 were undertaken al 
the raques! of other faderai agenc ies. 1 n Ottawa geographers 
were produc ing a new desk-sized Atlas of Canada with pub
li ca tion scheduled for 1967. 

Meanwhile, the Branch was in strumenta l in forming the 
National Advisory Committee on Geographical Research. 
T he new organization wi ll foster a nationa l approach in geo
graphîcal research and promote optimum use of talent and 
fac iliti es in this field . 

The departrnent's Observatories Branch carried out an 
airborne magnetic survey over the northern Atlant ic region 
from Hud son Bay to Fin/and, and enlarged and improved its 
network of se ismolog ical observatories across the country. 
N ear Penticton, B.C. the Dominion Radio Ast rop hysical 

Observato ry brought into operat ion th e fi nal segments of 
the T-shaped radio telescope. The completed instrument 
stretched across some 16 acres. 

Preparat ions fo r the new Queen Elizabeth 11 telescope 
continued: in 1965 the Observatories Branch placed the orcler 
for the giant, 150-inch mirror and worked on the mechan ical 
design. The telescope will be located on Mount Kobau in 
south-cent ral British Columb ia. 

Mines Branc h resea rch involved the entire spectrum of 
metals, industrial minera is and fu els, and applicat ion and use 
of th e processed products. The year's program inc luded proj
ects of importance to producers of iron and stee l, uranium, 
lead an d zinc and products thereof. Other pro jects were 
designed to advance th e technology of oil an d gas and to 
promote greater use of maritime and western coal. Th e 
Branch also sought to improve mining techniques and to 
overcome problems associated wit h underground work- a 
program furt hered greatly by t he establishment of a rock
mechanics laboratory at Elliot Lake. 

Departmental responsib ili ties in the realm of oceanog
raphy and hydrog raphy, shouldered by the Marine Sciences 
Branch, were carr ied out wi t h the help of 11 ships, 57 sound
ing launches, 80 smal ler craft and three hel ieopters. l nvolved 
we re waters of the Paci fie coast, the W estern Arctic and 
inland British Columbia ; the Great Lakes . Georg ian Bay and 
the St. Lawrence River; the W estern Atlantic, the Easte rn 
Arctic and Hudson Bay. 

T he Bedford 1 nst itute of Oceanography, the staff of 
which has increased sevenfold since it opened its doors in 
Ju ly 1962, undertook some sixty projects. Most of these ca ll ed 
for the application of the physica l sciences and engineering 
to oceanographic research problems; but so me were in the 
rea lm of appl ied researc h, instrument design and develop
ment. Equally important were the hydrographie surveys lead
ing to the production of marine charts. 

Towards the end of the yea r the department established 
a new branch bri ng ing toget her various programs in the fie ld 
of water research. The new organization investigates the 
physics and chemi st ry of conti nental waters. lts fields of 
interest are ground-wate r, lake-water and areas of glaciology 
that deal with the affect of melt-water on the hydrology of 
rivers. The branch a lso maintains cont inuous records of water 
levels of the St. Lawrence River and the Great Lakes. 

T he Polar Continental Shelf Project cont inued to se rve 
as a vehicle for departmental research and that of other 
agencies in the Arctic archipe lago and the Arc tic ocea n. 1 n 
1965 a field force of 90 scient ists and support staff undertook 
investigations in marine and terrestrial geology, geomagne
ti sm, geomorphology, glaciology, grav;ty, seismology, hydrog
raphy , and other fields. Th ei r operat io ns ranged from the 
northern t ip of Ell esmere Island to Queen Maud Gulf with 
the main base located at Mould Bay on Prince Patrick Island. 

Several departmental publications in various stages of 
preparàtion were destined to " tie-in" wi th the 1967 ce nten
nial. Under way was a history of su rveying in Canada (" M en 
and Meridians" ; a new edition of the Geology and Economie 
M in erals of Ca ada ; the desk-size descriptive Atlas of 
Canada and a companion volume with Gazetteer ; and a 
comprehensive mul ti-authored vo lume on H udson Bay. 

( iv ) 



POLAR CONTINENTAL SHELF PROJECT 

The Polar Continental Shelf Project is a conti nui ng investigation of the continental shelf 
fringing the Canadian A rctic islands and mainland, together with adjacent parts of t he 
Arctic Ocean bas in, the islands of the Canadian Arctic archi pelago and the waters be
tween them, and other areas that may be of special interest. The Project serves in part 
as the vehicle through which the researches and surveys of other government agencies 
are carried out in the A rctic archipelago and Arctic Ocean ; in part it carries out, with its 
own personnel , work that is unique within the Department ; and it also provides facilities 
and support for approved university researches in the area. 

1 n 1965 the field ope rations of the Polar Continental Shelf Project ranged widely 
over the archipelago, from Al ert in the north to Queen M aud Gulf adjacent to the main
/and in t he south. T he main base of operations was at M ou /d Bay, on Prince Patrick 
Island, with smaller semi-permanent establishments at six other locations within the 
islands. About 90 persans were engaged in the field work, which involved five branches 
of the Department of Mines and T ech ni ca l Surveys, four other government departments, 
and six Canadian and foreign universities. 

Sorne of the principal fe.atures of the 1965 program were: 
Marine Geology.- Bottom sampling (piston coring) of the continental shelf and con
tinental slope offshore from Prince Patrick Island continued as part of the Geological 
Survey of Canada's /ong-te rm study of A rctic marine sedimentary processes and con
tinental shelf and inshore sedimentary deposits . 

Terrestrial Geology.- Logistic support was provided where appropriate to Geologica/ 
Survey of Canada parties in Ell esmere Island, and to univers ity groups working on 
Somerset Island and Victor ia Island. 

Geomagnetism.- Field tests were made of newly developed geomagnetic and magneto
telluric equipment, in preparation for future experiments to study variations in magnetic 
conduct ivi ty of certain parts of the archipe lago. ln other experiments the rate of progress 
of standard chemical reactions at various geomagnetic latitudes was studied . 

Geomorphology and Periglacial Studies.- A study was made of the nature and 
development of se/ected periglacial features on the Arctic coastal plain, including pingo
like mounds, suspected sand dunes, compou nd deltas, and various features associated 
with the re lative change of sea level in an area of permafrost and seasonal A rctic 
streams. T he land forms so produced are being compared with fossil land forms be lieved 
to be of similar origin , formed in connection with former ice ages in areas that are now 
tempe rate. A companion study has attempted a quantitative assessment of mass wastage 
in a high Arctic environment, with measurement of so i/ movement and its relation to 
precipitation, temperature, soi/ composition, site geometry, and climatic cycle. 

Glaciology.- A core dri ll was driven completely through M eig hen lcecap at its appar
ent/ y thickest part, and preliminary measurements made toward determining the ther
mal profi le and ice p/asticity. Accumu lation, ablation, and movement measurements 
continued on the M eighen and M elville Island icecaps. Logistic support was provided 
for certain uni versity studies on glaciers on Devon and Axel H eiberg islands. 

Gravity.- The regional gravity survey continued over the continental shelf and con
tinental s/ope offshore from Prince Patrick Island, over waters of the archipelago north 
of M elville Island, and over Somerset and Prince of W ales islands and adjacent regions. 
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Heat Flow.- Sea-bottom heat-flow measurements were again obtained in the region 
around Prince Patrick Island , where anomalously low readings had been obtained in 
1964 in a region where, from geomagneti c considerations, there had been some reason 
to expect higher than normal values. The work in 1965 was directed part ly toward 
determining the re l iability of measurements in relative ly shallow water. 

Historical Studies.- T he opportunity was taken to carry out a brief field examination, 
with local hydrographie and magnetic readings, of an area which may contain the rem
nants of one of Sir John Franklin's ships, lost in 1848. Sorne fragments of a vessel were 
found. 

Hydrography.- Hydrographic surveys were continued bath on a reconnaissance 
(1 :500,000) scale on the Arctic Ocean and within the western archipel aga, and on regular 
charting scale (1 :50,000) in the Cardigan Strait area. T he reconnaissance charting was 
done by spot-sounding through unbroken sea ice, and the regular charting by helicopter
towed echo-sounding methods in areas of open water. 

Resistivity.- M easurements were made of the electrical resistivity, in three directions, 
of a cold , static ice mass, and of the variations of resistivity with time. The variations 
appear in part to be independent of standard parameters of temperature, pressure, 
chemical purity, etc. 

Sea-lce Studies.- A systematic aerial survey was carried out of the distribution, 
break-up, dispersal , movement and reformation of sea ice in the major waterways of 
the Queen Elizabeth Islands and the adjacent Arctic Ocean. T he movement of the ice 
pack, and of particular components of it such as the floating ice is lands, can be followed 
from year to year. 

Seismic Surveys.- A seismic-refraction traverse was undertaken across the west end 
of the Sverdrup sedimentary basin and the l nnuitian fold belt, from Ballantyne Strait 
across M elville Island to northeastern V ictoria Island. Recordings made from the tra
verse and other seismic experiments showed, in addition to the thickness of the crust 
and the depth of the sedimentary basin, an apparent directional damping or anisotropism 
of seismic energy in an area east of Prince Patrick Island roughly coincident with an 
observed an isotropism of geomagnetic fluctuation. 

Topographie and Control Surveys.- Control surveys were run to determine the 
transmitter positions and the base line for a Decca Lambda chain to caver the western 
approaches to M 'Clure Strait. Other contrai surveys were run in connection with the 
glaciological, se ism ic and hydrograp,hic work. 

Miscellaneous.- Other studies carried out by or through the Polar Continental Shelf 
Project included: a survey of plant and insect l ife on southern M elville Island ; acoustic 
studies in unbroken polar pack ice over deep water; and co llections of fossil di nosaur 
and recent vertebrate ske letons. 
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MINERAL RESOURCES DIVISION 

Canada's 1965 minerai production increased in value by 10.3 percent to set a record of 
$3,737 million up from $3,388 mi ll ion in 1964, the previous record . The value of output 
of each of the three sectors of the industry- metals, industrial minerais and minerai 
fuels- registered increases to new highs, with the metals sector having the strongest 
advance in both absolute and percentage terms. Capital investment in the minerai 
industry remained strong at near-peak levels. Plans announced for new and expanded 
facilities seem to assure that growth in the years ahead will remain at the high rate of 
recent years. The mineral-industry base continues to broaden both geographically and 
by commodity. Considerable success in exploration for ore deposits in widely scattered 
locations was a dominant feature of the minerai industry in 1965. Exports of minerais 
and minerai products continued to be a strong factor in helping Canada's balance of 
payments position . Crude and fabricated minerai materials accounted for one third of 
total Canadian exports in 1965. 

The work of the Minerai Resources Division lies mainly in the field of resource
economics, as related to the fast-growing Canadian minerai industry, and is divided 
into two categories- operational and advisory. M inerai speciali sts of the Division con
duct field and office investigations directed toward both basic and app lied engineering
economic research on a wide range of minerai commodities and problems. The work 
covers ail aspects of the minerai industry from resources through exploration, mining, 
beneficiation , smelting and refining, and transportation , to pricing and marketing . This 
basic research is essential for the preparation of reports for general distribution and for 
providing informed assessments and advice to government departments and agencies, 
industry and the public on minerai and related problems. 

To carry out its duties concerning legislation , taxation and administration in the 
field of minerai resources, the Divi sion is divided into three sections with a supporting 
administrative section. The t hree sections are: Research and Special Projects, M ate
rials, and T axation and Legis lation . 

General Advisory Activities.- Research continued in many areas of national and 
international concern on minerai matters for which the Division must prepare govern
ment submissions. 

By means of basic-resource investigations and economic research, officers of the 
Divi sion are able to provide advice on a wide variety of minerai matters of national 
importance and to advise on minerai taxation and legislation . Service rendered by the 
Division in this field du ring 1965 included continuing assistance to the Canadian Tariffs 
and T rade Committee representing Canada at Geneva in discussions relating to the 
General Agreement on T rade and Tariffs (GATT); an assessment of tin production, 
consumption, demand, and price in conjunction with work on the Third International 
Tin Ag reement; assistance in standardizing aluminum statistics for correlation and 
comparison ; advice on expected minerai traffic through the St. Lawrence Seaway to 
1980; and advice on the supply-demand patterns for lead and zinc in relation to Canada's 
output and trade. 

T he Division provided other government departments with analyses and advice on 
minerai developments so that assessments cou Id be made of the need for public services 
such as roads, airstrips, docks and buildings in specified areas. Th is work requires 
resource-economic appraisals of all pertinent factors from resource development 
through processing to marketing. 
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Analyses and recommendations were provided to the Department of National 
Revenue on tax benefits that apply to the minerai industry under the lncome T ax Act. 
Reports were prepared on 27 applications for three-year tax exemptions . Two appl ica
tions for certification as operators of an industrial minerai mine on a non-bedded deposit 
were processed. 

Du ring the second half of the year, the chief of the Division and a member of the 
Division 's Research and Special Projects Section were seconded to work with Dr. J . R. 
Donald, Special Consultant on Coal ta the M inister of T rade and Commerce, on t he 
Cape Breton coal problem. The assignment was nearing completion by the end of the 
year. 

International Activities.- Officers of the Division presented reports at meetings of 
several international organizations concerned with minerais and minerai trade . State
ments were prepared for other meetings which Division officers did not attend. M eet
ings in which the Di vision participated included mineral-industry committees of the 
Organization for Economie Co-operation and Development (OECD) ; the steel com
mittee of the United Nations, Economie Commission for Europe (ECE); the 1 nterna
tional Lead and Zinc Study Group; the United Nations ad hoc Committee on T ungsten; 
and the In ternational Ti n Council. 

Wartime Oils Limited.- Federa l government administration of W art ime Oils Limi ted 
ended in 1965. Royalty payments from production will continue to be made to the 
government through the Chief T reasury Officer of the Department. 

Foreign Aïd Training.- T he Division , on behalf of the External A id Office, arranged 
15 technical training programs for foreign trainees and provided consultation on 16 
additional app li cations. Thi s training was sponsored mostly by the Colombo Plan and 
took place in the Departm ent of M ines and T echnical Surveys as well as in private 
industry. Eighteen trainees completed training programs in 1965. At the end of the year 
nine trainees were on study courses, and 13 planned programs were awaiting arrivai of 
candidates. T wenty-three foreign students attending Canadian universities under 
various technical aid programs were given summer employment in the Department in 
fields related to their academic courses. T he D ivision also participated in arrangements 
to send minerai consultants abroad to adv ise certain developing countries on mineral
development policies and projects. 

Publications of the Division.- The Division carries on a continuing publ ication 
program which in 1965 included the comp letion of M inerai Information Bull etins on iron 
ore, petroleum, and a preliminary report on the industry for 1965 ; a M inerai Survey on 
underground mine haulage, and the Minera is Yearbook . Draft manuscripts were com
pleted for a report on uranium , and work proceeded on the preparation of reports on 
nickel , bery lli um, zinc, copper, and manganese. Several papers were prepared on 
mineral-industry tapies for delivery at national and international conferences or for 
publication in technical journals. 

Information Activities.- The Div is ion has a continuing program of educational fi lm
str ips on minerais. Du ring the year, three filmstrips in the Junior Series for elementary 
schools were comp leted . The titles are " Learning About Rocks and M inerais", "Life in 
a Min ing T own" and " Min ing in Canada". The filmstrip " Learning A bout Rocks and 
Mi nerais " was distributed in a kit with manuals, minerai specimens, test materials, and 
supp lementary literature. 

T he Divi sion's photographie lib rary and mineral-resource-records centre continued 
to grow. Du ring the year 82 black-and-white and 53 colour photographs of the Canadian 
minerai industry were added to the photographie li brary. Progress was made in cross
referencing the fi le prints on punch-cards. 
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The booklet " Entrance Awards for Minera i lndustry Courses at Canadian Univer
sities " was updated with the assistance of the Mining Association of Canada, and work 
proceeded in the Division to prepare copy for printing a new edition . 

The 15th edition of t he popu lar map " Principa l M ineral Areas of Canada" was issued 
and work continued on preparation of a pictorial brochure " M ining in Canada" . 

The Division maintains an index of Canadian m inerai occurrences which is 
avai lab le for the use of anyone interested in mining and exp loration in Canada. T he 
indexing of Canadian minerai occurrences was begun nearly 70 years ago, and was 
carried out intermittently unti l 1959. Since that time work has been continuous. The 
method of indexing has been changed to conform to the National Topographie System, 
and t he index has been reorganized to i nclude a comprehensive summary of t he informa
tion avai lab le on each occu r rence, with provision for revision and additions as required . 
At year's end, the Mi nerai Occurrence Index contained descriptions of over 8,600 
minerai showings and deposits. 

The Emergency Gold Mining Assistance Act.- The Act was extended on De
cember 12, 1963, for four years to the end of 1967 without change in the formu la for com
put ing t he amount of assistance payab le. 

The amending legislation provided for a restriction on the el igibi l ity of Iode gold 
mines commencing production after Ju ne 30, 1965. Lode gold mines brought into opera
t ion after that date are eligible for assistance onl y if the mine provides direct support to 
an exist ing gold-mining community. A gold mine is deemed to provide such support if 
most of the persons employed at the mine reside in go ld-mining commun ities listed in 
t he amending act. 

The ad min istration of the Act is conducted in the M inerai Resources Division 
under the direction of the Ass istant Deputy M inister (M ines). Gold mines receiv ing 
assistance are visited by inspection eng ineers from the Divi sion who determine the 
proper classification of explorat ion and development expend itures. They review and 
report upon the all owance of costs that are in question. An examination of min ing 
and milling practices and of production and ore-reserve records is part of the inspection. 
The Aud it Services Branch, Office of the Comptroller of the T reasury, examines interim 
app l ications and carries out t he fi nal audit of each appl icant 's book of account. 

The amount of assistance payable to an operator is computed under the current 
formula by adding 25 percent to the product of t he rate of assistance and the number 
of ass istance ou nces. T he number of assistance ounces is two-thirds of the total number 
of ounces produced in the assistance period . The rate-of-assistance factor is determined 
by taking two-thirds of the amount by which t he average cost of production per ounce 
exceeds $26.50. T he maximum rate of assistance is $1 2.33 per ounce . T hus a gold mine 
which has an average cost of production less than $26.50 an ounce is not eligi ble for 
payment of assistance. 

There were 43 Iode go ld mines and 24 placer gold mines in rece ipt of assistance 
du ring 1965. Six gold mines had average costs of product ion less than $26.50 an ounce. 

Lode gold mines usual ly apply for assistance payments on a quarterly basis, while 
a sing le annual payment is generall y made to operators of placer gold mines. ln 1965, 
two hundred and eighteen separate appl ications were examined by the A ud it Serv ices 
Branch, approved by this Department and transmitted to the Chief T reasury Officer for 
payment. 

T he amou nt of assistance paid per calendar year since the Act was introduced is as 
fo ll ows: 

1948- $10,546,315.84 or 3.33 per ounce produced 

1949- 12,571,456.90 or 3.48 

1950- 8,993,490.51 or 2.55 
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1951 - 10,728,503.71 or 3.30 per ounce produced 

1952- 10,845,978.62 or 3.76 

1953- 14,680,110.42 or 4.62 

1954- 16,259, 179.23 or 4.29 

1955- 8,885,478.73 or 2.97 

1956- 8,667,235.38 or 3.46 

1957- 9,679,753.32 or 3.53 

1958- 11,420,463.70 or 4.29 

1959- 12,001,753 .43 or 4.91 

1960- 12,362,517.59 or 4.86 

1961 - 12,666,658.77 or 5.19 

1962- 14,389,049.55 or 6.07 

1963- 14,397,419.04 or 5.53 

196 14,692,139.79 or 5.65 

1965- 9,758,435.28 not available. 

" 

" 
" 
" 

" 
" 
" 
" 
" 



EXPLOSIVES DIVISION 

The Exp losives Division has been active since 1920 when the Explosives Act was 
introduced as an instrument of public safety to contrai explosives manufacture, sale , 
storage, importation and transportation by road. 

The output of commercia l blasting explosives in licensed factories has doub led 
in the past four years from 145,000,000 pounds in 1961 to 290,000,000 pounds in 1965. 
Thi s figure does not include an estimated 50,000,000 pounds of ammon ium-nitrate-fuel
oi l blasting agents which are blended on a "do-i t -yourself" bas is on mining property. 

Blasting exp losives are divided into th ree main categories: 
(a) Nit rog lycerine dynamites 

(b) Ammonium-nitrate-fuel-oil mixes (AN / FO 's) 
(c) Slurry explosives. 

Unti l 1957 nitroglycerine dynamites accounted for more t han 90 percent of total 
explosives production. T oday they account for approximately 35 per cent only, with 
most production confined to the AN / FO 's and slurries. 

There are 26 factories licensed under the Act for the manufacture of explosives, as 
follows : 

M i 1 itary exp losives and pyrotechnies . 

Fireworks .............. . 

Commercial ammunition .... 

Blast ing exp losives for sale. 

Blast ing explosives for private use . 

3 

3 

5 

11 

4 

Among the manufactures for private use are four mobile slurry-mix pump trucks 
operating on mining properties in Ontario and Quebec. Thi s is a fairly new development 
in exp losives manufacture. l t is suited for large open-pit mines where wetness precludes 
the use of AN / FO or where explosives with more energy are required. 

There were 1,600 licenses issued for the storage of exp losives and 385 permits for 
the transportation of explosives by road. Experience with totally enclosed vans for the 
transportation of exp losives has been very satisfactory . There have been no incidents 
of fire since this requirement was instituted two years ago. 

Du ring the year there were eight fatalities in the use of explosives compared with 
12 in 1964. 

There were two fata l ities in manufacture when a dynamite mi x-house was de
stroyed by a blast of unknown origin in September. T he blast communicated through 
the nitrog lycerine transmission lines to a nitrogl ycerine storage bui ldi ng. 

There were 46 prosecutions under the Act, 37 for illegal storage and nine for vio la
t ion of transportation regu lations. 

T he Division pub l ishes a separate and more detailed annual report wh ich is avai l
ab le on request. 
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Surveys and Mapping Branch 

T he Surveys and M apping Branch continued its accelerated mapping program in 
1965 and intensified its research and foreign aid. The joint Canadian-
American expedition on M ount Kennedy and the coordinated efforts of survey 
organizations from both countries on the Satellite T riangulation program marked 
yet another milestone in international cooperation between survey organizations. 

T he Geodetic Survey had nineteen parties in the field. T he T opographical 
Survey kept pace with the plan to complete map coverage of Canada at 1: 250,000 
scale by 1967. The Legal Surveys and Aeronautical Charts Division pub lished three 
new series of charts, maintained its legal-survey commitments on 1 ndian reserves 
and National Parks and worked close ly with t he Representat ion Commissioner in 
rev iewing descriptions of adjusted federal electoral-district boundaries. M ap 
Compilation and Reproduction increased map production over 1964 and had two 
organizational changes, with the Air Photo Production Unit being transferred in 
from the Division of Administration, and the M ap Distribution Office being trans
ferred from the Division to Branch Administration. 

T he 1 nterdepartmental Committee on A ir Surveys carried out air-survey photog
raphy in ail provinces and in both territories of Canada to meet the requirements 
of nine federal departments. Experiments in colour photography continued as 
demands for this type of photography increased. T he committee published a complete 
report on the 1963 Seminar on A ir Photography lnterpretation . 

T he 1 nternational Boundary Comm ission had three parties in the fie ld working 
on boundary maintenance. 

T he M ap Distribution Office processed 50,852 requests for maps totalling 
1,236,219 maps, an increase of 19 percent over 1964, with a revenue of $258,757. 

T he National A ir Photo L ibrary received 71 ,171 current survey photos, bringing 
the tota l library collection to well over three mi ll ion . 

During the yea r, 5,725 requisitions for a record 554,867 prints from air-survey 
negatives were processed . 

1 n a program desig ned to preserve a pictorial history of Canada for th e period 
1920-40, more than 800,000 air-photo prints will be copied on 70-mm film. To date 
more than 200,000 prints have been completed. 

T he Saskatchewan Department of Forestry requested the 1 i brary to store its 
present and future negatives. Sorne 200 ro ll s were received in 1965. 

1 n addition to air-photo requirements of the various federa l government depart
ments, the library fulfil ls requests from provincial government departments, municipal 
governments, exploration and development companies, educational institutions, 
religious groups, publishing firms, professional societies and private individuals. 

A national Advisory Committee on Contrai Surveys and M apping was established 
by Order-in-Council late in 1964 with the Branch Director as chairman , the member
ship to consist of representatives from other federa l departments, provincial depart
ments, universities and industry. M embers were appointed by the M inister of 
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M ines and Technical Surveys during 1965. The first meeting was held in Ottawa in 
October 1965. l t is hoped that the recommendations of this committee will be of 
material assistance to the department and the government in determining its sur
veying and mapping policies. 

The Branch estab lished a foreign-aid section which functions as liaison staff 
with the Exte rnal Ai d Office in connect ion with survey projects in foreign countries. 
T wo field engineers were engaged in an aerodist control survey in Nigeria and 
Tanzania and one engineer carried out a reconnaissance for a cont ro l-survey project 
in Tr inidad and T obago. Students from Afri ca and the W est 1 ndies were trained in 
Ottawa in the various act ivities of the Branch. 

The Branch organized a research and development section to coordinate re
search, training and development in the various divisions. 

Sen ior Branch officiais represented Canada at a number of international meetings 
and seminars, including the Guatemala Congress of the Pan-American lnstitute of 
Geography and H istory, the Fédérat ion Internationale Géométrique in Rome, a 
symposium on electron ic distance measurements at Oxford, England, the Inter
nat ional Association of Geodesy Symposium on M athematical Geodesy in T urin, 
l ta ly, and the International Symposium on the use of Artificial Satellites for Geodesy 
in Ath ens. 

During the year t here were 18 major tours through the Branch by students, 
teachers, military personnel, members of Parli ament, a number of town planners 
and visitors from the United States, M exico and South America. 

GEODETIC SURVEY 

Seventeen field parties extended horizontal and vertical control, which provides a 
national framework for mapping, charting and major engineering projects. 1 n addition, 
the Survey participated in two cooperative Canadian-United States projects- the M ount 
Kennedy survey and the Satellite T riangulation Program- and continued work on 
several investigational projects. 

T he extension of the network of first-order horizontal control was carried on in the 
Yukon T erritory, the Northwest T erritories and six provinces . ln the Yukon a joint 
Canadian-United States party established a first-order traverse connecting existing 
surveys near Kluane Lake, Y.T ., to similar surveys at Yakutat Bay, Alaska. ln the 
course of the survey the position and elevation of M ou nt Kenned y were determined . 
ln the Northwest T erritories the triangulation arc which had reached Rank in lnlet from 
the west in 1963 was extended south to the 60th parallel. The Survey cooperated with 
the T opographical Survey in the establishment of two first-order aerodist networks 
which connect the Quebec mainland to Baffin Island to the north and to Southampton 
Island to the west. 

l n the western provinces, triangulation arcs were estab li shed from Fort Nelson, 
B.C., to M eander River, Al berta; in the Okanagan Valley from the international bou nd
ary to Salmon Arm; from the international boundary through Lethbridge to t he vicinity 
of Calgary; and from the vicinity of M edicine H at to Al aska. The Okanagan Valley 
work was done with the cooperation of the province of British Columbia, and in the 
course of this survey position and azimuth control were established for the Observa
tories Branch's radio telescope at Wh ite Lake and for the Queen El izabeth 11 Observa
tory on Kobau M ountain. M unicipal control was also established at Lethbridge and 
M edicine H at and in metropolitan W innipeg. Near Calgary, a connection was made 
to the site of the proposed Observatories Branch 's photographie zenith telescope at 
Priddis. 
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1 n the easte rn provinces a triangulation arc was extended from Payne Bay to 
Sugluk in northern Quebec, and a network intended for the study of crustal movement 
was estab l ished stradd ling the St. Lawrence River from Isle d 'Orleans to T adoussac. 
Reconnaissance was carried out for municipal surveys in Greater Ottawa, North Bay, 
Brampton, Galt, Guelph, K itchener-W aterloo and the H ali fax- Dartmouth area and for 
an arc extending from H alifax towards Guysborough. 

T he Canadian-United States Satellite Triangu lation Prog ram continued operations 
at W hitehorse, Cambridge Bay, and Lynn Lake until mid-M arch w hen t he stations were 
closed for the summer. l n June five new sites were located in eastern Canada, at 
T imm ins, Ontario; H al ifax (Shearwater), Nova Scotia; St. John's, Newfound land; 
Goose Bay, Labrador; and Frobisher Bay, N .W .T . ln August and September the five 
new stat ions together with the stations at Lynn Lake and Cambridge Bay were occupied 
and remai ned active for the balance of the year. Person nel from Surveys and M apping 
Branch and from the Army Survey Estab li shment, Department of Nat ional Defence, 
were trained at Beltsvi lle , M aryland, and assisted in the operations at St. John 's, 
Goose Bay, Fro bisher and Cambridge Bay. 

A geodimeter party, using both M odel 4D and M odel 6 instruments, measured 
four l ines in the "crustal movement" network on the St. Lawrence and all lines in the 
metropolitan W inn ipeg network. A number of short lines were measured in the Okana
gan Val ley arc, the arc t hrough Lethbridge, and at M edicine H at. The party also 
measured six lines in the arc of old triangulation from Calgary to Edmonton. 

Precise levelling ope rations were carried out in six of the provinces, and an inspec
tion party inspected 1,571 bench marks in southern Ontario . A winter party levelled 
from Mile 1 OO on the At habasca River to Fort M cM urray in Alberta. Du ring the normal 
fie ld season, lines were ru n from Fort St. John, B.C., to Clear Prairie , Al berta; from 
Grand Prairie to Bezanson, Bezanson to Hinton and H inton to Nordegg in Al berta; 
from Prairie River to Prince Al bert and from M elfort to Choice land, Sas katchewan; 
from Smeaton, Saskatchewan, to Fl in Flon, M anitoba; along the north shore of Lake 
Erie, Ontario; from Pointe Claire to Isle Bizard, from Beaupre to St. T ite des Caps, from 
Ri chmond to Baieville , in Quebec; and from Fredericton to H ardwood Ridge, Frederic
ton to Sain t John, Saint John to Rothesay, and M acAdam to St. Croix, in New Bruns
wick. 1 n addition, levels were run in the v icinity of the Sout h Saskatchewan River 
dam, in the city of Regina, in the area between Toronto and H amilton in Ontario, 
and in the Chicoutimi area of Quebec. 

Regarding astonomic work, four Laplace azimuth stations were estab l ished to 
contrai tr iangulat ion networks, one in the Northwest T erritories, one in Br iti sh Colum
bia and two in Quebec ; and, in addi t ion, the precise astronomie lati tud e and longitude 
of 36 triangul at ion stations were determi ned for investigational purposes, at five points 
in the Northwest T erritories, 19 points in British Columbia and 12 points in New 
Brunswick. 

A precise astronomie latitude determination was made at the proposed site of the 
zenith telescope at Priddis, Al berta, and an azimuth determination was made at Lake 
Traverse in Algonquin Park, Ontario, to lay out an east-west line req uired by the 
National Research Council in connection with its radio telescope. A new system of 
determining and recordi ng time has been developed using a crystal clock and printing 
chronograph in conjunction with a radio time-signal receiver; a prototype unit has been 
built. 

During the field season a technician and two technological institute students, 
specially trained in the maintenance of e/ectronic equ ipment, worked with triangulation 
parties. 1 n t he laboratory the development and improvement of electronic and radio 
equipment was continued. The laboratory is handling the maintenance and repair of ail 
d ivisional electron ic and radio equipment and also does some work for other divisions 
of the Branch. 

10 MINES AND TECHNICAL SURVEYS 



98949-4t 

Du ring the year the Survey continued its interest in international geodetic organi
zations. Staff mem bers attended several meetings and semi nars in Canada and the 
United States. One member attended the Symposium on Electranic Distance M easure
ment at Oxford , England, in September. 

T OPOGRAPHICAL SURVEY 

The T opographical Survey in 1965 enjoyed a year of normal operations and cleared a 
record amount of mapping for fina l reproduction. Covering more than 292,000 square 
miles, production consisted of 30, 367 and 61 maps at the 1 :25,000, 1 :50,000 and 
1 :250,000 scales respectively. 

Compilation of mapping at the 1 :250,000 scale was Jess than for the record year of 
1964 because of the more rugged terrain being encountered in the northern arctic 
is lands. Production of 1 :50,000 mapping , however, was maintained at the 1964 level 
despite the heavy cultural detail being met with in the revision program . Output of 
1 :25,000 mapping increased by 50 percent over 1964. 

The goal of comp leting map coverage of Canada at the 1 :250,000 scale in 1967 
appears attainab le. Coordinated programs of the Topog raphical Survey and Map Com
pilation and Reproduction divisions and Army Survey Estab li shment of National Defence 
have produced 814 of the 925 maps required. 

T he aerodist system was successfully used for the fourth field season in a joint 
T opographical-Geodetic Survey operation carrying geodetic contrai across wide ex
panses of water in Hudson Bay and Hudson Strait. 

Officers of the field staff assisted in setti ng up and observing from satellite triangu-
1 ation stations at Cambridge Bay, N .W.T ., Lynn Lake, M an., and St. John 's, Nfld . Other 
field officers participated in External Aid foreign mapping projects. 

T hirty-seven fie ld officers and some office staff carried out surveys in ail parts of 
Canada except Newfou nd land. 

ln a joint operation , Topographical and Geodetic survey crews projected nets of 
trilateration by means of the aerodist system from Ungava to Southampton and Baffin 
islands as links in the geodetic system of first-order contrai. The coordination was 
extended to securing supp lementary contrai for 1 :50,000 mapping araund Deception 
Bay and for 1 :250,000 mapping of the intervening is lands. 

A second major party obtained supplementary contra i for 1 :50,000 revision mapping 
of thirty sheets in the footh i lls of southern Alberta and then moved to the Yukon to 
secure contrai for detailed mapping of 17,500 square miles in the mining district north 
of M aya. A smaller air-supported party obtained contrai for 1 :50,000 mapping of 7,000 
square mi les araund the Baffinland iron prospect on Baffin Island. 

Field work for other 1 :50,000 revision mapping was carried on for 75 sheets in the 
Eastern Townships of Quebec and 12 sheets in the vicinity of M adoc. 

Contrai for 1 :25,000 mapping was established for one sheet each at Saint John 
and Fredericton, N .B. ; five sheets along the Richelieu River in Que bec; 24 sheets in 
the Kitchener-Brantford area; four sheets at Fort W ill iam-Port A rthur, Ont. ; and one 
sheet each at Kenora, Ont. , Brandon, M an., and Red Deer, Alberta. 

Various field parties assisted municipalities in the establishment of coordinate 
municipal contrai in Charlottetown and Summerside, P.E.1. ; Burlington, Oakville, 
South Toronto T wp., Ottawa, North Bay and Kenora, Ont. ; W innipeg, M an.; and 
prepared for similar surveys in H alifax and Dartmouth, N .S. M ore than 750 permanent 
monuments were established for use in contralling municipal surveys . 

Extension of contrai for expected 1 :50,000 revision mapping was continued by 
tellurometer traversing east of Red Deer, Alberta and by spirit levelling along the 
South Saskatchewan River. Field inspection of comp leted compilations was performed 
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for 20 maps at the 1 :25,000 scale and 24 sheets of revised 1 :50,000 mapping. Two winter 
parties extended spirit-level control for water-resource studies in Que bec and M anitoba. 

Special projects consisted of assistance to the Polar Shelf Project, the Observa
tories' gravity program and Defence Research Board 's glaciological research; position
ing of 71 radio aids to navigation for the Department of Transport ; and surveys for 
large-scale plots of seven settlements for Northern Affairs. Two field officers established 
aerodist control for External Aid mapping in Tanzania and two other officers did a 
reconnaissance for proposed mapping in Trinidad . 

The computing and control subsection made good use of the allotted time of 
125 hours on the Departmental IBM 1620 computer in computation of field-survey 
data for mapping, resolution of coordinate surveys for seven municipal areas and 
resolution of the complex aerodist field records. Processing of airborne-profile records 
supplied the vertical contrai required for mapping and aerodist computations. Survey 
contrai data from more than 100,000 cards on file with this subsection were supplied 
on request to various survey agencies across Canada. 

Emphasis in compilation continued to be on 1 :250,000 mapping but important 
advances were made in revision of 1 :50,000 mapping and continued production of 
1 :25,000 mapping. Within two years, a large part of compilation capacity now devoted 
to the reconnaissance scale will be diverted to attacking the back-log of new and 
revised 1 :50,000 mapping that has accumulated in the past five years . Plans are in 
effect to have equipment and programs in readiness for the change in accent: rotation 
of supervisory staff to fami li arize them with improved techniques and new programs is 
a part of these plans. 

Numerical adjustment of aerial triangulation with the aid of the electronic com
puter has become standard procedure for ail detailed mapping. The adjustment by 
computer of subsidiary contrai greatly facilitates compilation processes. 

1 n Septem ber 1965, the editi ng unit was integrated with the ai r-survey section 
to afford more efficient contrai over work flow from start of compilation to clearance 
from the division. T he field-survey section was given responsibility for inspection and 
field completion of compilations subject to that technique. The Topographical Survey 
continued the inspection of aerial photography carried out by contract for the federal 
government and recommended payment for acceptable work. 

Special plotting projects, numbering 28, were undertaken for the Observatories 
Branch, Geographical Branch, Geological Survey of Canada, and Marine Sciences 
Branch of this Department ; for the departments of Agriculture, Northern Affairs and 
National Resources, Public Works, and Transport ; and for Atomic Energy of Canada 
and the Polar Shelf Project. 

The technical-assistance unit employed two senior officers and three staff members 
full time, two field officers for several months in Nigeria and Tanzani a and two officers 
on a feasibility study of mapping in Trinidad and Tobago. Besides supplying technical 
advice to other departments, the main function of this unit is to handle specifications 
and contracts for aerial photography and mapping under the U.N. Colombo Plan, 
Special Commonwealth A id to Africa Plan , and the Commonwealth Caribbean Assis
tance Program . ln this respect, the staff assisted in negotiating contracts for extensive 
topographie mapping in Nigeria and T anzania and for photography, fie ld surveys, and 
mapping in Trinidad . 

Distribution of advance information prints of new mapping many months in 
advance of normal publication continued and is a service greatly appreciated by resource
development agencies. 

Among the principal items of equipment purchased during the year were three 
W ild B-8 plotters, 14 Balplex projectors, three tracing tables and nine pantographs to 
modernize the compilation capacity of the division, and an EK5A coordinate printer and 
an 1 BM summary card punch to assist numerical adjustment procedures. 
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LEGAL SURVEYS AND AERONAUTICAL CHARTS 

1 n accordance with t he Representation Commissioner Act, t he division cooperated 
with the Representation Commissioner and reviewed descriptions of t he read justed 
federal electoral-district bou ndaries. P reparat ion was started for legis lat ion to rati fy t he 
north boundaries of M anitoba and Saskatchewan, and the northern part of the boundary 
between Mani toba and Saskatchewan. Lega l surveys in l ndian reserves, National 
Parks and territorial lands were undertaken as usual, and aeronautical charting con
tinued to be one of the Di vision 's most active fie lds of mapping. 

Five interprovincial and territorial boundary commissions were active in 1965. ln 
add ition to the work mentioned above, preparation of t he re port for t he north boundary 
of British Co lumbia was cont inued , and the reports and at lases for the north boundary 
of M anitoba and the northern part of t he boundary between M anitoba and Saskatche
wan we re comp leted . Surveys to comp lete t he demarcation of the unsurveyed portions 
of the M anitoba-Saskatchewan boundary were begun, and the inspection and resto
ration of the north bou ndary of Al berta was comp leted. 

Eig hteen field parties were engaged on legal surveys in the public lands of Canada 
for federa l government departments. 1 n addit ion, instructions were issued for 109 lega l 
surveys on Crown Canada lands for private and provincial agencies. Of the 58 lndian
reserve projects completed, the largest were the identification and targeting of 6,000 lot 
corners for a legal survey by photogrammetric methods of the 50,000-acre Six Nations 
Reserve near Brantford , and the survey of a new 27,000-acre reserve in northern 
Saskatchewan. T he retracement of 21 miles of Cape Breton H igh lands Nationa l Park 
bou ndary, a contrai and integrated survey of Field towns ite in Yoho National Park, and 
the survey of eight new historie sites were the main projects for the Nationa l Parks 
Branch . 1 n the Northwest T err itories, subdivi sions for administrative staff and Eskimo 
sett lement were surveyed at H olman on Vi ctoria Island and at Eskimo Point, Whale 
Cove and Coral H arbour in the eastern Arctic. 

ln aeronautical charting, three new series of charts were published in addition to 
extensions to existing series. T o meet the ever expanding needs of the aviation industry, 
and to make aeronautica l charts more readil y avai lab le, 11 2 firms were appointed as 
dealers authorized to se ll aeronautica l charts. For t he most part t hese dealers are at 
airports throughout t he country . 

Survey documents in the Canada Lands Surveys Records numbered 573 plans and 
74 fie ld note books . A bout 26,500 document extracts, pub l ications and astronom ical 
field tables were despatched . Nine meetings were he ld by the Board of Examiners and 
examinations were written by 55 candidates. Of these , ten qua li fied for certificate of 
pre l im inary examination and three for a commission . 

MAP COMPILATION AND REPRODUCTION 

M ap and chart production during 1965 was sli ghtly higher than in the preceding year. 
There were two major organizational changes: T he M ap Distribution Office , 

formerl y a part of this division , was placed directl y under the admini stration of the 
Branch; and the divis ion acquired t he Air Photo Production Unit, which had been 
temporaril y under the departmental administration. Thus the division lost 14 and gained 
69 emp loyees. 1 ts staff at the end of the year stood at 330. 

T he conversion of the eight-mi le map series to the scale of 1 :500,000 was 82 percent 
complete, with 180 maps. The status of the 1 :50,000 series stood at 27 percent pub
lished , or 5,892 sheets of a planned 21,788. 1 n the 1 :250,000 series , 71 per cent of the 
maps were pub lished, or 661 of a planned 928. 

M aps received from the T opographica l Survey for reproduction numbered 507. 
T hese consisted of 42 maps at a scale of 1 :25,000; 406 maps at 1 :50,000; and 59 maps ;;it 
1 :250,000. 
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M aps received from the A rmy Survey Establishment for reproduction numbered 27. 
Of these, 8 were at a scale of 1 :25,000, 11 at the scale of 1 :50,000, and 8 at 1 :250,000. 

T he number of maps and charts printed came to 4,248, compared with 4,147 for 
1964. Of the tota l, 2,093 maps were printed on the large offset presses and 2,155 on 
multilith. 

T he tota l stock of maps reached 11 ,529,944. 

Among the major special projects were the fo llowing: 

- T he annual revision of the National Capital Commission map of Ottawa and 
environs. 

- A revision of the M ap of Canada at 64 miles to the inch. 

- A new map of Gatineau Park. 
- A highway map of Canada and the northern United States for the Government 

Travel Bureau . 
- A set of maps illustrating proposed federal electoral districts under the Elec

toral Boundaries Readjustment Act. 

During the year, the work of the newly incorporated Air Photo Production Unit 
increased in both scope and output. New functions included a colour sect ion; copying of 
National Air Photo Library prints from nitrate negatives on 70-mm film; inspection of 
fi lm from air surveys for the lnterdepartmental Committee on Air Surveys; the 
production of one positive and two negatives from glass negatives of the 1 nternational 
Boundary Commission; the printing of National Air Photo L ibrary copies of current 
survey negatives; the annotation and filing of 202 rolls of air film flown by the govern
ment of Sas katchewan; and a special-projects section handling miscellaneous ground 
photography. 

INTERNATIONAL BOUNDARY COMMISSION 

Three Canadian field parties were engaged in maintenance operations along widely 
scattered sections of the 1 nternational Boundary. Field parties from the United States 
section of the Commission did similar work. 

One Canadian field party worked on the Quebec-M aine boundary. M onuments 
were inspected and repaired and the boundary vista was rec leared and chemically 
treated to a skyline width of 20 feet for 18 miles on the H ighlands boundary. Survey 
l ines were recleared between reference monuments on the southwest branch of the 
St. John Rive r and measurements were made with geodimeter to give more accurate 
positions for monuments on the Quebec-Vermont boundary. 

A second party was engaged in re-surveys along the St. Clair and Detroit rivers. 
New reference monuments and triangulation stations were established to replace 
those lost due to erosion and Seaway construction. 

A third party, on the British Columbia-W ashington boundary, inspected monu
ments and recleared and chemically treated 26 miles of boundary vista through the 
Fraser Valley and at Point Roberts. Further tests were made of herbicides appl ied by 
hel icopter to control growth along the British Columbia boundary. 

An officer from the Canadian section was one of two Canadians who assisted the 
United States Coast and Geodetic Survey on an expedition to estab l ish precise control 
in the M ount Kennedy area. A survey was also carried out in Pearse Canal, southeast 
A laska, to establish the location of a small island near the International Boundary line. 

The United States Commissioner and the Canadian Commissioner made a joint 
inspection of boundary conditions and of the work of the various field parties. 
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Marine Sciences Branch 

T he M arine Sciences Branch carries out research and surveys of coastal and of 
oceanic waters adjacent to Canada. As an extension of its charting ro le, the Canadian 
Hydrographie Service, a division of the Branch , produces nautical chart s and 
associate pub lications of Canadian inland navigab le waterways. 

T he fie ld operat ions of t he Branch are carr ied out in t hree regional organ iza
tions: W estern, Cent ra l and Eastern. Certain specialized activities, such as chart 
production , t idal analysis and research, are undertaken at Branch headquarters, 
Ottawa. 

Ship Division 
The Branch's flee t i n 1965 totall ed 11 ships, 57 sounding lau nches, 80 smaller 

craft and had a complement of 472 officers and crew. T wo Bel l hel icopters, owned by 
the Department, one H i ll er he l icopter chartered for si x months and two chartered 
vesse ls, M / V The ron and M / V Theta, were used in support roles . 

T he east-coast program of survey was se r ious ly interrupted by a lengthy and 
heavy repair on the main engine gear clutches of CSS Baffin. CSS Cartier was 
declared beyond economical maintenance and operat ion, and arrangements were 
initiated for disposai. 

T he des igns and specificat ions for two new t idal and current vessel s were com
pleted , tenders called and contracts awarded . Construction is to begin early in 1966. 

Designs and specifications for a rep lacement vessel for CSS Ehkoli were com
pleted and tenders rece ived for construction. 

Desi gn and specif ications for a new shi p for research in t he Great Lakes are 
near ly comp leted . Construction wi ll begin late in the summer of 1966 and t he vesse l 
wi ll be commissioned intime for operation during the 1967 season . 

WESTERN REG 1 ON 

T he W estern Region includes t he Pacifie Coast of Canada, the W este rn Arctic and 
the in land waters of Britis h Colu mbia. At present the work of the Branch in thi s region 
is concentrated on hydrographie surveys. Deve lopment of extensive oceanographic 
research has been deferred temporar il y in favour of emphasis on Great Lakes research 
which is required by th e increasing pol lution in those wate rs. 

Hydrograph ie Surveys 
CSS Wm . J. Stewart completed a survey between W il l iam H ead and Otter 

Point in Juan de Fuca Strait, and commenced a survey of approaches to Nanai mo 
H arbour . 

CSS Marabell completed surveys in Oak Bay and East Point areas and speci al 
surveys at t he entrance to Quatsino Sound and in Ball enas Islands vici ni ty to meet 
requi rements of the Royal Canadian Navy. 
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Conventiona l hydrographie surveys were carried out in the Chatham Sou nd area 
by CSS Wm. J. S tewart and in the O bservatory l nlet area by CSS Marabell . T hese 
contr ibuted to t he general charting program. 

The area of operation of CSS R ichardson was from T uktoyaktuk to Coppermine. 
Sounding continued between Pul len Island and W arren Point, using transponder 
beacons. Contrai was extended eastward to L iverpoo l Bay by te ll urometer, and detai led 
surveys of Coppermi ne approaches were carr ied out. 

Tidal Current Projects 
A synoptic survey of tidal currents in the Gu lf Islands area is under way. T he 

compi led data wi l l be used for a current atlas covering the area from Juan de Fuca 
Strait to Georgia Strait. H aro Strait and adjacent passages were surveyed in 1965. 

Current surveys contributing to a current atlas for the area Discovery Passage 
to Cordera Chan nel cont inued in 1965, with observations concentrated near Yucu lta 
Rapids. 

Current surveys were carried out in Vancouver harbour near major wharves to aid 
in ship docking and to assist in planning new port faci li ties. 

Oceanographic Projects 
CSS Ehkoli was operated by the Branch in support of the 1 nstitute of Oceanog

raphy at t he University of British Columbia . T he vesse l was also used on occasion 
for scientific studies by the Pacifie Biological Station, Nanaimo, the T echno logical 
Research Laboratory, Department of Fisheries, Vancouver, and by the Departments 
of Botany and Zoology at the University of V ictoria. 

T he Canadian H ydrographie Service cooperated with several other federal and 
provincial government agencies in an oceanographical survey in the waters between 
Race Rocks and T r ial Island , south of the greater Victoria area. The service was also 
involved in the planning, directing, operating and ana lyzing of the survey which was 
designed to provide information on current and drift patterns for the guidance of the 
British Columbia Pollution Contrai Board, Department of Lands Forests and W ater 
Resources. 

M ooring tests are being conducted off the west coast of Vancouver Island prepara
tory to continuous mon itoring of sea-temperature variations. 

CENTRAL REG 1 ON 

T his reg ion continued its main activities in hydrographie charting and water-level 
gauging . W ith the acquis ition of office trai lers and sma ll fast sounding vehic les, a trend 
towards deve lopment of high ly mobile and flexible operational units was estab lished. 
One he li copter was used by several parties for contra i work, chart revision and the 
location of shoals. 

Charting Activities 
CSS Cartier, serving her last year on hydrographie operations, carried out de

tai led surveys at the eastern end of Lake Erie. Long Point Bay was charted at a large 
scale for small-boat charts. T he approaches to Port Co lborne and the W elland Canal 
were re-charted, and a new survey completed of Port Dover. 

A shore-based party, operating from Fort F rances, commenced a semi-controll ed 
survey of Rainy Lake in northwestern Ontario. This project was part ly completed, the 
work to be finished in 1967. 

T he survey commenced in the St. Lawrence River in 1964 was conti nued and 
comp leted in 1965 from Neuvi ll e to the Quebec Br idge. Small projects were carried out 
in Quebec City , T hree Rivers and M ontreal. 
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This year marked the commencement of a major small-boat charting project ta 
prov ide detailed large-scale small-boat charts of the comp lete Trent-Severn canal 
system. T he survey started at Port Severn on Georgian Bay and was carried t hrough to 
t he western end of Balsam Lake. Expected comp letion date of t hi s continuing survey is 
1967. Th is party also conducted a revisory survey of the existing chart of Lake Simcoe. 

Th ree hydrographers were placed aboard the Department of T ranspo rt vessels 
Macdonald and d'Iberville and cond ucted minor surveys at Reso lu te Bay and Sher
wood H ead in th e eastern Arct ic. The primary area of survey was M i lne lnlet, at t he 
north end of Baffi n Island, of special interest ta the mining industry . 

Tides and Water Levels 
Thi s group carr ied out the annual inspection and maintenance of 82 permanent 

tidal and water-l eve l recorders, estab li shed at 79 locations in the Great Lakes, the 
St. Lawrence and Ottawa rivers, and the eastern A rct ic. Fi ve permanent gauging stations 
were reconstructed and three temporary installations made. 

Limnological Studies 
The regional hydrographer was assigned the respons ibi l ity for field operations in 

support of l imnological studies in the Great Lakes, ta commence in 1966. During 1965 
preparations were under way for the purchase of equipment and for the detai led plan
ning of this extensive operation. 

EASTERN REGION 
Operations in the Eastern Region centre on the Bedford lnstitute of Oceanography 
and involve coordinated stud ies of t he hydrography of the western At lantic and of the 
eastern Arct ic. 

The Bedford lnstitute of Oceanography opened its doors in Jul y 1962 with a 
nucleus laboratory staff of 34 persans, 14 of whom comprised the At lanti c Oceanographic 
Group of the Fi sheries Research Board. ln a little over three years the staff has in
creased sevenfold, and a broad and active oceanograph ic research and su rvey program 
has corne into being. Du ri ng t he first two years, as key scientific and survey personnel 
arrived , the main featu res of the work in the 1 nstitute took shape ; its broad objectives 
have remained large ly unchanged ta date. As new staff j oined, attention was focused on 
strengthening projects rather than launching new undertakings. 

The general fram ework is the oceanographic app lication of the physical sciences 
and engineering ta acti vit ies rang ing from long-term phenomenological research, 
t hroug h applied research and instrument design and development, ta surveys required 
in the production of marine charts. Within this framework some 60 projects were i n 
hand during the year. l t is only possible to remark on a few. 

Oceanographic Research 
The air-sea-interaction group carried out labo ratory and fie ld tria ls of bread

board equipment for th e measurement of wind stress on the sea surface. The resul t 
justifies the development of rugged and re l iab le instrumentation, including the stab le 
platform , to permi t extended and unattended observations in open waters. W ork on 
this vital objective is under way. The measurement at t he air-sea inte rface of energy 
exchanges, of which wind stress is only one, is considered fundamental ta a quant itative 
interpretation of the in terdependence of atmosphere and ocean. 

The fro zen-sea group has a simi lar basic objective, except that the interface 
includes an ice sheet. Extens ive and unique data on heat flow and temperature profiles 
in sea ice at Cambridge Bay were obtained, and data analys is is well in hand . Investi 
gations of t he behav iour of the water column beneath the ice was commenced, and this 
vita l facet of the over-all problem is to rece ive major attention in th e M arch-April 1966 
field work. 
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1 n physical oceanography an extensive network of stat ions was occupied in t he 
Labrador Sea, Dav is Strait and Baffi n Bay which should add significant ly t o knowledge 
of the compos iti on, movements and source of t he deep waters in t hese areas. 

An operation in the estuary of the St . Lawrence successfull y carried out a sequence 
of tru ly synopt ic oceanographic observations. Seven strings of water bottles with 
thermometers were moored on each of eleven days in the same cross-section of t he 
estuary and set to trip simu ltaneous ly with an eighth station which was observed from 
the ship. Eig hteen current meters were also moored in the section. The mooring and 
tripping syste m for t hi s complex array was developed in the Bedford l nst itu te. Resul ts 
of the analysis of the data are awaited with interest for the l ight they should t hrow on 
the circulation in this area and on the usefu lness of the geostrophic approximation in 
coastal waters. 

The marine geophysics group forged ahead on several fronts of which t he 
mid-At lanti c Ridge survey was perhaps the most outstanding. l t employed a sophisti 
cated data-logging system, GEODAL, developed by the eng ineering serv ices section. 
The system permitted not only on-the-spot prog ram adj ustment in t he l ig ht of incom ing 
data but greatly reduced the time required for data processing . A good se ries of detai led 
maps and analyses resulted from a 20 X 60-mi le section of the ridge centred at latitude 
45°35' N and longitude 27°30 'W cove ring bathymetry as well as gravity and magnetic 
anomali es. M ode ls of the st ru ctu re of the ridge have been tested by these data, and the 

resu lts have added to an understanding of the processes at wo rk in prod ucing the vast 
mountain range and its remarkable r ift valley. 

The marine geology group , seconded from the Geological Survey of Canada, 
was engaged in many projects extending from the high Arctic to the southe rn waters of 
Nova Scotia, chief among which was t he H udson Bay operation. l t was a large-scale 
multi-di scipline survey aimed principally at delineating the basic geological and geo
physical features of the Bay. Under the head of the marine geology section , who was 
scienti st-in-charge, a ve ry comp lex and comprehensive program of observations was 
comple ted as scheduled by teams from six universities, four branches of the Department, 
several other governmental agencies and with collaborat ion by six industr ia l concerns, 
using four ships, several launches, a ship-based heli copter and an RCAF North Star 
aircraft. The enormous amount of data co llected from more than 30,000 mi les of ship 
tracks , 25,000 m i les of fl ying and some 900 stations, as we ll as by other means, w ill be 
the basis of many stud ies and papers. 

Hydrographie Surve·ys 
H ydrog raphers from t he Bedford l nstitute made up nine fie ld parties, most of 

which carried out two or more projects . Sorne highl ig hts are ment ioned. 

The eastern pa rt of Chaleur Bay was surveyed, comp leting the first modern survey 
of this economicall y important bay. The area from Long Point to Beaver Poi nt, in
cluding Naufrage H arbour on the east coast of Prince Edward Island, was surveyed. 

The approaches and harbour facilities at La T abatiere, Quebec, were surveyed, 
as were the International W harves in Sydney, Nova Scotia. 

Survey ing of Sir Charles H ami lton Sound, Newfoundland, was continued and the 
survey of M ain T ickle was carried out for a study on the feasi bi li ty of comp let ing a 
causeway linking New W or ld and T wi lli ngate islands. 

Extensive, precisely contro ll ed track soundings of H udson Bay were obtained and 
Churchill H arbour and the tidal portion of the Churchill River we re surveyed. 

A party surveyed Shepody Bay and the Dorchester Cape area . A tida l and current 
survey was carried out in Minas Channel and Minas Basin as background to a study of 
power tida l development in t hat area . 
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A permanent tide gauge was install ed in Pictou and nine gauges were installed in 
the Saint John River, N.B. l n all , 44 current stations were occupied. 

A long-awaited and much-desired computer, a CD 3100, was install ed in November 
and soon thereafter was at work on a wide var iety of problems. 

M embers of the staff contributed 28 papers to the scientific literature in 1965, 
and in addition , they have prod uced 16 BIO M anuscript Reports and 20 BIO I nterna i 
Notes. 

BRANCH HEADQUARTERS 

Canadian Hydrographie Service 
The chart-production staff of the Canadian H ydrographie Service prod uced 35 

new charts during the year including two fisher ies charts with Decca and Loran lattice 
overlays, respectively, and a ch art of the M uskoka Lakes for t he use of sma ll -boat 
owners and tourists. Exist ing charts were maintained by the publication of 60 new 
editions, 95 corrected reprints, and te n supp lementary prints. Three special charts 
were produced together w ith 16 new editions of Information Bull eti ns and 37 special 
charts were repr inted. A tota l of 214 navigationa l charts were published during the year 
and 20 simi lar charts cance ll ed or withdrawn. 

The total number of charts listed in the catalogue rose in 1965 to 978, of which 56 
are special charts. 

A tota l of 253, 197 charts were distr i buted by this serv ice in 1965, to which 1,560,451 
hand correct ions were made prior to distribution. The service originated approximate ly 
one-fifth of all Notices to M ar iners published by t he Department of T ransport. 

T he second edition of t he Saint John Ri ver Pilot and the second ed it ion of t he 
Labrador and H udson Bay Pil ot were publi shed during the year, in add ition to nine 
supp lements to existing Pil ots. 

New edit ions of the Newfoundland Pi lot, St. Lawrence River Pilot and Nova Scotia 
and Bay of Fundy Pil ot are in hand for pub li cation in 1966. 

An oceanic-bathymetry unit was estab li shed to provide for Canadian contributions 
to the General Bathymetric Chart of the Oceans, a cooperative project being coo rdin
ated by t he 1 nternational H ydrographie Bu reau . l t completed seven plotting sheets for 
one area of Canadian responsibi lity and commenced the polar plotti ng sheets for the 
western hemisphere for which Canada has also assumed respo nsib ility. 

The Tides, Currents and W ater Leve ls Secti on carried out studies on t ides to 
enab le pred ictions to be pub li shed on national and international bas is. Prediction data 
are exchanged in both tabu lar and punch-card format with other countries, several of 
w hom have requested detai ls of computer programs and the equipment used. 

Six separate edit ions of the tide tables cover ing the coastal waters of Canada were 
pred icted and comp iled for publication during 1965. T otal distribution of t ide tables 
amounted to 70,000 copies. 

Oceanographic Research 
A small research section under the chief oceanographer at Branch headquarters 

has continued studies of the oceanography of Hudson Bay which will be included in 
the departmental Hudson Bay Centenn ial Volume. 

The St. Lawrence River has received special attention during t he past year. Not 
only have t he oscil lations of the river in response to tidal forces been examined from a 
theoretical point of view, but it appears that significant non-tidal perturbations in the 
river are associated with surface wind stress and horizontal pressure gradients in the 
Gulf of St. Lawrence . The influence of changes in river runoff has also been studied. 
Each of these associated studies shows promise of improved techniques for the more 
precise forecasting of river leve ls. 
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Studies of the t ides in t he Bay of Fundy using various mathematical models are 
directedi"Oward forecasting the effect of a tidal power dam which might be constructed 
on the upper reaches of the Bay. Studies have been extended from a simple one
dimensional mode! to a more comp lex two-dimensional approach with promising resu lts. 

Canadian Oceanographic Data Centre 
T his centre, which is responsib le for the processing of ail Canadian oceanographic 

data, extended its service during 1965 to processing limnological data gathered by 
Canadian agencies in the Great Lakes. T echniques are being. deve loped to facilitate 
the exchange of these data with United States agencies . 

Bathythermographic data are now being processed for East Coast agencies using 
the aperture frame card. H istorical data are also being processed by this system. T he 
centre has also extended its activities toward more complex data analyses including 
automatic plotti ng . 
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Geological Survey of Canada 

The Geological Survey of Canada carries out systematic geological investigations 
in Canada and compiles and publishes such information in the form of reports, 
maps, and other graphie representations . T he scope of its activities extends into 
many aspects of the geological sciences, including geochemistry, geophysics, 
geomorphology, mineralogy, palaeontology, petrology, surficial and bedrock geology, 
and petroleum geology. T he Survey's objectives are fourfold: (1) to systematically 
investigate, describe, and explain the geology of Canada in order to determine the 
nation ' s potential minerai resources, and to provide data to industry and others to 
aid in the discovery, exploration, and development of these and other resources ; 
(2) to carry on other research that will contribute to our knowledge of the origin of 
rocks and minerais, thereby expanding t he potentials of the science and enabling 
geologists to investigate and exp lain the geo logy of Canada more effective ly; (3) to 
deve lop new instruments and methods as aids to geological investigations and to 
the search for minerai deposits; and (4) to assist in the scientific training of young 
Canadians to meet the requirements of science and the nation's economy for 
qualified manpower . 

T he Geological Survey conducts a broad category of investigations of a regional 
nature in the Canadian Shield, in the Appalachian and Cordilleran geosynclinal 
belts, in the sedimentary basins of the main land and A rctic archipelago, and in the 
unconsol idated Quaternary deposits. ln addition, it undertakes activities directed 
towards the investigation of specific tapies, interest in which often arises from the 
broader regiona l studies. As t he first systematic reconnaissance of Canada is 
approaching comp letion, the country 's major geological features are reasonab ly we ll 
established, and attention may now be given to fundamental aspects of Canadian 
geo logy. 

l n 1965 the Geological Survey sent out 110 fu ll -time and 36 short-term field 
parties . Of the former, field investigations were made upas follows: bedrock 
geology, 38; surficial , engineering, and groundwater geology, 25; stratigraphy and 
palaeontology, 15; minerai deposits , mineralogy, and petrology, 18; geophysics, 9 ; 
and geochemical , structural , or other geological studies, 5. Brief reports of t hese 
investigations were pub l ished in G.S.C. Paper 66-1 early in January, 1966. 

Several he licopter-supported large-scale reconnaissance operations were carried 
out . Operation Amadjuak comp leted in one field season the in itia l study of southern 
Baffin Island, an area of about 50,000 square mi les . Operation Grant Land completed 
half of a two-year investigation of some 30,000 square mi les in northeastern Ell es
mere Island. Operation L iard, a three-year investigation of about 30,000 square 
mi les of t he northern Rocky M ountains and neighbouring plains, was comp leted 
during the year, as was Operation Nahanni, a reconnaissance of about 12,500 
square miles in Logan and M ackenzie mountains of Yukon T erritory and the 
adjoi ning District of M ackenzie . Operation Selwyn, a three-year recon naissance 
covering a 26,000-square-mi le area south and west of the area covered by Operation 
Nahanni, was commenced du ring the fie ld season . Farther south, recon naissance stu dies 
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of some 20,000 square miles of the British coast mountains were completed, and half 
of Operation Bow-Athabasca, astride the British Columbia and A lberta provincial 
boundary, was completed. 1 n eastern Canada, an operation covering about 14,000 
square miles of southern Labrador was undertaken and completed. T hese are but a 
few of the many large-scale helicopter-supported operations undertaken by the 
Geological Survey in recent years, which collectively have speeded up the geological 
reconnaissance of Canada by decades, and assure the completion of initial-stage 
reconnaissance of the country within the next several years. 

On a more detailed and topical scale, Geological Survey activities encompassed 
a broad spectrum of projects, ranging from the study of trace elements in certain 
base-metal deposits to petrological studies of ultramafic rocks in north-central 
British Columbia; from vertebrate palaeontology on Somerset Island in Canada's 
Arctic to geophysical su rveys for water in Saskatchewan; from stratigraphie stud ies 
of Precambrian sediments in the District of Mackenzie to geomorphological studies 
in northern Alberta ; from crater investigations in Quebec to studies of granitic rocks 
in Brit ish Columbia; from biochemical investigations in Ontario to dam-site 
investigations in the Yukon River area ; from palaeomagnetic studies in western 
Quebec to the study of microfossils in Precambrian iron-formations ; and from 
minerai localities for amateur collectors to studies of saltwater intrusion in Prince 
Edward Island. Many of these activities have been reported on briefly in G.S.C. 
Papers 66-1 and 65-2. 

The successful operation of a modern geological organization requires the 
availability of a wide variety of electronic and other equipment and the skilled staff 
to operate and maintain such equipment, to provide services for the field personnel 
and to carry out theoretical and applied research in the various geological dis
ciplines. Laboratory studies ranged from the development of a continuousl y recording 
magnetometer, groundwater-pressure equipment, and radiocarbon-analysis equip
ment, to the interpretation of aeromagnetic data and the identification and inter
pretation of minerai and fossil collections. 

T o stimulate geological research at Canadian universities, the Survey awarded 
74 grants amounting to $150,000 to 19 universities. Requests for grants totalled 
$264,263 (up $58,000 from 1964), and 18 appl ications could not be accommodated. 
Support was provided for 17 Ph.D. thesis projects, and staff members presented 
lectures and conducted guided tours for numerous university groups. A staff geologist 
returned to the Survey in September after completing a two-year assignment as 
Commonwealth Geological L iaison Officer in London, England. 

T he Survey regu larly publishes the results of its scientific activities in the form 
of memoirs, bulletins, papers, and geo logical maps. During the year the following 
publications were made avai lab le to the public: two memoirs, two economic geology 
series reports, ten bulletins, 45 paper series reports , two misce llaneous series 
reports, 39 geo logical maps, and 707 aeromagnetic maps. Approximatel y 310,000 
copies of maps and reports were distributed in response to 20,025 requests. Staff 
mem bers presented more than 1 OO papers at meetings of national and international 
societies, many of which were or are being pub l ished in scientific journa ls. One of 
the Survey's economic geologists received the Leonard M edal from the Engineering 
1 nstitute of Canada du ring the year for the best paper published by the Canadian 
1 nstitute of M i ni ng and M eta/lu rgy or the Engineering 1 nstitute of Canada on a 
mining subject. 

1 n addition to its Ottawa headquarters, the Geological Survey maintains offices 
in Calgary, Vancouver, Ye llowknife, and Whitehorse, and has staff at the Bedford 
1 nstitute of Oceanography in Dartmouth, Nova Scotia. T he Branch has a continuing 
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staff of 445 (of whom 200 are scientists), and provided summer employment and 
training for 128 graduate and 186 undergraduate university students. 

A contract for the construction of a new two-mil/ion-do lla r Geological Survey 
building in Calgary was let during the year, and construct ion began in Novem ber. 
The bui lding is expected to be ready for occupancy in November 1966. 

REGIONAL GEOLOGY 

The Regiona/ Geo/ogy Division carries out bedrock geolog ica/ investigations in 
three of the orogenically disturbed regions of Canada- the Canadian Shield, the Appa
/achians, and the Cordilleras in order to determine the types of rocks present, their 
distribution, structures, relationship to minerai deposits, and origin. Personnel of this 
Division thereby contribute to the assessment of the minerai potential of these regions. 

A total of 41 geologists were engaged in field research on 40 projects distributed as 
follows: 15 in the Cordilleran reg ion , 20 in the Canadian Shield (of which 9 were in the 
western Shield, and 11 in the eastern), and five in the Appalachian reg ion. 

ln the Cordilleran region three staff geologists comp leted reconnaissance studies 
of about 20,000 square miles of gneissic and granitic rocks in the Coast Mountains 
between the 52nd and 55th parallels, operating in exceeding ly rugged terrain, with the 
aid of a helicopter and a research barge provided by the Fi sheries Research Board . 
Two other staff geologists, with supporting technica l personne /, completed the geological 
examination of W rigley Lake and Glacier Lake map-areas, thereby concluding Opera
tion Nahanni, a helicopter-supported reconnaissance investigation of the Logan and 
M ackenzie mountains in Yukon Territory and the District of M ackenzie commenced 
in 1963. Then they started Operation Selwyn, a three-year helicopter-supported in
vestigation of the geology in the southern Selwyn Mounta ins, H yland Plateau, and 
Cassiar Mountains. Other Survey geologists completed reconnaissance studies in the 
Canoe River, Bonaparte River, and Kananaski s Lakes (west half) map-areas, in central 
and southeastern British Columbia. Large bodies of magnesite (mag nesium carbonate) 
were discovered in the Kananas kis Lakes area. Reconnaissance studies were com
menced in the west half of the Lardeau area in southeastern British Columbia and 
cont inued in the central part of Vancouver Island and the adjoining Gu lf Islands. 
A Survey officer completed detailed studies of stratigraphy and structures in the copper
bearing Greenwood area in southern British Columbia, and another commenced a 
study of recent volcanic centres and their relation to regional tectonics on some of the 
coastal islands and around M t. Edziza in northern Briti sh Columbia . A geology professor 
from the University of Bri tish Columbia, seasonally employed by the Survey, completed 
detailed studies of the easternmost part of the Shuswap metamorphic complex near 
Revel stoke, and four seasonally employed graduate students undertook structural 
and / or stratigraphie studies in the Revelstoke , M an ning Park, and Grant Forks areas 
of British Columbia and the T ombstone area in the Yukon. 

ln the western half of the Canadian Shield , comp letion of reconnaissance studies 
in 1964 has permitted the assignment of geological staff to areas and problems of 
significance to geological knowledge and / or of importance in minerai exploration in 
northern Canada. Six of the nine fie ld parties carried out t heir investigations in the 
District of M ackenzie, two in the District of Keewatin , and one in M anitoba. H elicopters 
were shared by ail parties, rather like geologica/ " taxi-cabs", instead of being concen
trated under one party in regional studies as in previous years. This is the first time the 
Survey used he li copters in this manner, and it proved most satisfactory. Two staff 
geologists and a university graduate student commenced detailed studies of gneissic 
and granitic rocks in the region between Great Slave Lake and Lake Athabasca, part 
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of a project to elucidate the tectonic history of this large area. T hree part ies continued 
bedrock and stratigraphie invest igations, two in the gold-bearing Contwoyto Lake area, 
east of Great Bear Lake, the third in the Schu ltz Lake region of the centra l barren 
grounds. A Survey officer completed the reconnaissance study of the stratigraphy and 
structure of the H urwitz Group of sediments, which wi ll provide basic information for 
t he study of t he geological evolution of southeastern District of Keewatin . H e was 
subsequently se lected to represent the Geo log ical Survey on a year's exchange with the 
Austral ian Bureau of M inerai Resources, Geo logy and Geophysics . Another officer 
completed stratigraphie and structural studies of some sedimentary rocks in the Rock
nest Lake area, District of M ackenzie, some 300 miles north of Ye l lowknife , an in
vestigation of geolog ical prob lems that arose from the 1959 helicopter- reconnaissance 
Operation Coppermine. A Survey geologist completed fie ld activities for a synthesis of 
the geology of northeastern M anitoba, and another examined critical areas and cor
re lated geological and aeromagnetic data in the Upper Nelson River area in addition 
to i nvestigati ng the geolog ical bou ndary between the Chu rchi 11 and Supe ri or structurai 
provinces. 

l n the eastern part of the Canadian Shield , which comprises the Precambrian 
terrain in Ontario, Quebec, Newfound land-Labrador, and on Baffin Island, Survey 
geo logists conducted 11 projects, ranging from large-scale air-supported operations to 
detai led investigations. A he licopter-supported field party commenced and completed 
Operation Amadjuak, the reconnaissance examination of southern Baffin Island south 
of 66° north, in order to ascertain the economic potential of the region near Frobisher. 
Another helicopter-supported party commenced the reconnaissance-geological study 
of a re lative ly unknown part of southern Labrador, to estab l ish the major geo logica l 
features there and their relation to minerai occurrences. l n September the chief of 
this field party attended by invitation the opening of the M aritime Cernent Company 
at Brookfie ld, Nova Scotia; t he company is working a limestone deposit whose economic 
potential he had recognized while carrying out systematic Geo logical Survey fie ld 
work in that region severa l yea rs ago. A new staff geo logist conducted prelimi nary 
reconnaissance studies of mineral ized volcanic rocks in t he T immins-K irk land Lake 
belt, whi le another commenced similar studies of the vo lcanic rocks near Noranda 
in t he mineralized Noranda-T immins greenstone be lt. A fie ld party cont inued a 1964 
study of the stratigraphy and structure of the H uronian rocks and t he nature of the 
Grenvi ll e structural front in the Panache Lake area on Lake H uron, and a graduate 
student emp loyed by the Survey commenced a thesis project on t he metamorphism 
and stratigraphie sequence in a major bas inal structure in t he H astings area in south
eastern Ontario. A structura l and petro logical specia li st completed detailed studies of 
t he M orin anorthosite north of M ontreal, after wh ich he was granted leave to lecture 
at Queen's University for t he academic year, where he is substituting for that uni
versity's structural and metamorphic geo logy special ist. Another Survey officer com
pleted reconnaissance investigations in the Sioux Lookout area of northwestern Ontario, 
a reg ion of interest to the minerai industry for base metals, and investigated the bedrock 
geology of part of the M oose River area to determine the cause of a recent ly discovered 
strong northeasterly trending aeromagnetic anomaly there. A fie ld party commenced 
detai led regional stud ies near t he i ron deposits of t he Baffin land 1 ron M ines, in northern 
Baffin Island, and a Survey petrologist continued fie ld and laboratory investigations 
of the age, petrology, and tectonic importance of diabase-dyke swarms in the Canad ian 
Shield. 

ln t he Appalachian Reg ion two survey officers continued detail ed geo logica l in
vestigations of the lower Palaeozoic sedimentary and granitic rocks in t he Antigonish 
H ig hlands and Cobequid M ountains of northeastern Nova Scotia. l n Newfound land, 
one staff geo log ist commenced reconnaissance stratigraphie and structural studies in 
the Great Northern Peninsu la, whi le a second commenced simi lar studies in the Red 
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Geogrophicol Branch scientists study the Bornes lce Cap on Baffin Island. Here, wind
blow~ snow surrounds the porty's pyramidal lents and imports a desert-like quolity Io 
this remote and borren region. 



Toxic, heovy-metal pollution of 
woters from industriel operalions is 
determined in the part-per-million 
range al raies of 40 Io 60 per hour, 
in the Water Research Branch. 

The new Time La bora tory al the 
Observalories Branch, compleled in 
1965, contains the electronics for 
maintaining a precise Canadien time 
service. Ti me from the la bora tory is 
made available by short-wave station 
CHU (3330 kcs, 7335 kcs and 14670 
kcs), and by direct line Io local scien
tific laboratories, the CBC, the rail
ways, and the Peace Tower on 
Parliament Hill. 

A technicien al the Mines Branch uses labora
tory equipment that simulates rock stress 
normally developing around a mine opening . 
Photoelastic technique permits visuel inspec
tion of stress pattern (black dot in centre ). 



A gravimeter is lawered over the side 
of the CSS HUDSON to the floor of 
Hudson Bay. The Observatories 
Branch look thousands of such read
ings during a geophysical investiga
tion of the floor of the Bay in 1965, 
under the direction of the Marine 
Sciences Branch. 

This huge photographie unit in the Surveys and Mapping Branch is known as a 
monotype-process camera and is used for enlarging or reducing topagraphic 
map manuscripts and other copy Io produce negatives al exact sizes required 
for reproduction. 



Geochemistry, the study of the distribution of 
the chemical elements in geological materials, 
is proving a valuable aid Io the geologist in 
the study of orebodies. 



1 ndian Lake (east half) area of central Newfoundland, an area containing the Buchans 
base-metal mine. These two projects, when completed, will finish the Geological 
Survey's systematic four-mile mapping of all of Newfoundland except for a small 
area in the southern part of the Avalon Peninsula. Another geologist completed a 
detai led structural study of the Ordovician slate and phyllite succession in the Bay 
d' Espoir area of southern Newfoundland, which will permit a better understanding 
of the structural relationship in areas to the east and north. 

FUELS AND STRATIGRAPHY 

This Division is concerned primarily with the geological investigation of the 
unmetamorphosed, stratified, and large ly marine fossiliferous post-Precambrian rocks 
in which Canada's oil, natural gas, and coal are most generally found. lts scientific 
personnel investigate the succession, lithology, structure, age, and correlation of the 
sedimentary bedrock formations and carry on research in structural geology, strati
graphy, palaeontology, and the petrologic and organic constitution of coal seams. 

T he Div is ion has a staff of 47 scientists and 21 supporting personnel , and is com
posed of the following five sect ions: (1) Petroleum geology; (2) Arctic Islands ;(3) 
Palaeontology; (4) Coal Research; and (5) Western Pla ins office. The division main
tains permanent repositories in Ottawa and Calgary for we l l cores and cuttings, and 
makes this material available to visiting geologists for study. 

Regional and detailed fie ld studies invo lving stratigraphy, structural geology, and 
palaeontological investigations were carried on in widely separated parts of Canada, 
including the mountains, foothills, and plains of western Canada, the Arctic archipelago, 
and parts of eastern Canada, providing basic data for the assessment of the oil and gas 
potential in these regions . 

Survey officers completed a helicopter-supported reconnaissance project (Operation 
Liard ), i niti ated in 1963, coveri ng a large little-known area in northeastern British 
Columbia . Natural gas is already being recovered from parts of the area and copper 
showings are being prospected. Large deposits of barite and fluorite were found in 
Devonian rocks in this area. Operation Bow-Athabasca, a two-year he l icopter-supported 
reconnaissance geological and structura l study of 12,000 square miles in the southern 
Rocky M ountains of British Columbia and Alberta, was commenced and revealed strata 
from most of the systems between t he Precambrian and Cretaceous. Detailed structural 
and stratigraphie investigations continued in the surface and subsurface of the southern 
foothills of Alberta, and in the Cypress H i ll s region of Albe rta, strati graphie studies 
continued on the Ordovician, Silurian, and Devonian of southwestern Ontario, and 
examination was made of well s drilled in the Stone Creek oil and gas field of New 
Brunswick and on Prince Edward Island. 

Survey stratigraphers began a two-year project, aircraft-supported Operation 
Grant Land, to study the stratigraphy and metamorphic and structural geology of some 
30,000 square mi les in the structurally deformed northeastern part of Ell esmere Island. 
l n this project they are cooperating with the Geological Survey of Green land, a member 
of which was included in the field party, in order to relate geologica l formations and 
structurai featu res across the narrow body of water separat i ng northeastern El les
mere Island and northwestern Greenland. Stratigraphie studies of Bathurst Island 
were completed and a two-year program of field studies on Cornwallis Island and 
neighbouring smaller islands was commenced. T hese investigations are expected to 
aid in the delineation of areas of possible economic potential for natural hydrocarbons 

Survey palaeontologists study and use fossi ls to determine the succession of sedi
mentary formations, and to furnish regional and inter-continental stratigraphie correl
ations. During the year they prepared 124 reports on 1,628 lots of fossils submitted 
by Survey or other geological personne l, and added 1,431 fossil types to the Survey's 
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T ype Collection , of which 968 were descri bed in Survey bu lletins and papers. 1 n addition, 
special studies were commenced or continued on trilobites from Anticosti Island, 
bryozoan and microfossils from Arctic Canada, microfossi ls from the M aritime Provinces 
and Gaspé, eurypterids from various localities, Devonian spores from Gaspé, and 
Cambrian to Cretaceous fossi ls from central, western , and A rctic Canada. 

Petrological studies of coals are carried out at the Survey to obtain information 
valuab le for coal geology, coal mining, and coal utilization. l n addition , a staff member is 
study ing Carboniferous spores to aid in unrave lling the stratigraphy of the coa lfie lds 
and ragions with Carboniferous and Permian rocks . Research on the petrographic 
properties of coking coals from British Columbia was carried out, environmenta l 
studies of coals from New Brunswick, Nova Scotia, Alberta, and British Co lumbia 
were made du ring the year, and technical assistance and information was given to the 
Syndicate mine in the Springhil l coalfield , at the request of the Nova Scotia Department 
of M ines. 

Stratigraphie studies of Cretaceous rocks in the western Cordillera currently 
under way by personnel in the Survey's Calgary office are directed to t he gathering of 
basic data from subsurface and outcrop, leading to the determination of facies vari
ations, correl ation of strata, and potentialities as source and reservoirs of coal , oil , and 
gas. During the field season a large-scale regional stratigraphie study of these rocks 
was comp leted in northeastern British Co lu mbia, southeastern Yukon , and the southern 
District of M ackenzie. Stratigraphie studies were also continued on pre-Devonian 
rocks of the southern Rockies , and studies of Mississippian rocks in the Edson area of 
Al berta and from the Bow River area to the North Saskatchewan River areas com
menced . A manuscript of the subsurface Palaeozo ic rocks of the District of M ackenzie, 
northeastern Br itish Columbia, and western ln terior Plains has been completed, 
and studies of Devonian outcrops along and near the Alaska H ighway between 58°30' 
and 60°00' undertaken. These projects are part of the W estern Plains Office 's regional 
subsurface studies in the western provinces, Northwest T erritories, and Arctic archi
pelago, as an aid to exp loration for oil and gas, and for research in to the migration and 
accumulation of natural hydrocarbons. 

ECONOMIC GEOLOGY 

The Economie Geology Division is concerned primaril y with aspects of geology having 
a direct economic application , and towards this end undertakes the study of the geology 
of minerai deposits, geochemical processes and geochemical prospecting, Pleistocene 
geology, and various aspects of groundwater and engineering geology. lts staff consists 
of 51 technical personnel with a supporting staff of 11 . 

The geology of minerai deposits fa ll s mainly into two classes: Those deal ing with 
the geological factors responsib le for th e concent ration of particular metals and other 
minerai commodities, and those dealing with the geological environment and develop
ment of certa in mineralized be lts or metallogenic provinces. Studies of the geology of 
beryll ium, copper, iron, li thium, manganese, ni cke l, tin, uranium, and vanadium were 
carried out in various parts of Canada in 1965. lncluded was a detailed study of the 
geological sett ing and origin of high-g rade iron deposits in th e M ary River area of 
Baffin Island . Metallogenic studies were conti nued in the Shield, the Appalachian 
region, the northwest Cordillera, and on Vancouver Island . A comprehensive study 
of mass ive su lphide bodies in Newfoundland was also undertaken. Detai led investi
gations of sulphide and other ores were carried out in the Survey's la boratori es, 
and one of these, on the sulphides in the Muskox 1 ntrusion in northern Distr ict of 
Mackenzie, was completed. 

T he Geological Survey is conducting fi eld and office research into the occurrence, 
source, movement, quantity, and quality of groundwate r, is developing methods, 
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techniques, and instruments needed to carry out these groundwater investigations, and 
assists olher government agencies in groundwater investigations. Considerable em
phasis is given to the study of groundwater-flow systems within several types of drain
age basins in Manitoba and Saskatchewan , and a new basi n study was started in an 
area of high relief southeast of Kelowna, Bri tish Columbia. Most of these are approved 
1 nternational H ydrological Decade projects, and illustrate the important and respon
sib le role played by the Geolog ical Survey in this world-wide program . ln addition, 
Survey officers developed a method of measuring water-pressure changes in landslide 
areas, and provided engineering -g eology advice on the Red River Floodway, M anitoba, 
the W elland Canal, and on five potential damsites in northwestern Canada. Plans were 
announced in October for the transfer of the Groundwater Section of the Survey to 
the new W ater Resources Branch of the Department in April 1966. 

Geochemical research seeks to define the conditions under which elements are 
concentrated or dispersed in nature, as an aid to the understanding of ore formation 
and the search for orebodies. During 1965 Survey geochemists carried out research in 
geochemistry and geochemical prospecting in the following reg ions: a large geochemica/ 
survey in the Bathurst-Jacquet River area of New Brunswick; an investigation of the 
trace e/ements in su lphides of Mississippi Vall ey-type lead-zinc deposits in various 
parts of Canada; biogeochemical field work in Ontario, M anitoba, and Brit ish Columbia ; 
preliminary investigations on the application of geochemical prospecting in the Cobalt 
are a, Ontario; invest igations on ci rcular structures in Que bec; and analyt ical studies 
of some Devonian carbonate rocks in the Swan Hills and Virginia Hill s oilfields of 
Al berta. T hese were augmented by laboratory research in the chemistry of ore genesis, 
isotope geochemistry, and radio-chemistry. Investigations into the solu bility of feldspars 
under high-temperature aqueous conditions were continued, and a method was de
veloped for the rapid mechanica l plotting of geochemical data on maps. 

T he Survey's Pl eistocene geologists deal with surficial unconsolidated deposits 
mantling the bedrock, organic remains associated with them, constructional and ero
sional Jandforms making up the landscapes, and the development and evaluation of 
methods of minerai explo rat ion through an understanding of the surficial deposits. 
T hese deposits, large /y of glacial origin, are the base on which our agricultural soi ls 
have developed , provide the source of most of the sand and grave! used in construction, 
and serve as reservoirs for much of the nation's groundwater resources. Two Pleistocene 
geologists undertook fie ld invest igations in the Arctic, one along the coastal plain of the 
District of M ackenz ie, the other in southern Baffin Island in conjunction with recon
naissance Operation Amadjuak. Others conducted field studies in the Klondike p/acer
area, the Yukon , the Columbia River area, British Columbia, the losegun and Kan
anaskis areas in A lberta, the l nterlake area, M anitoba, in southwestern Ontario, 
and in the Eastern T ownships of Quebec. Studies of bog, pond, and Jake deposits in 
the Great Lakes region continued, and are expected to y ield valuable information on 
recent c/imate trends. 

PETROLOGICAL SCIENCES 

T he Petrological Sciences Division makes mineralogical and petrological determina
tions, chemical analyses, and age determinations on rocks and carbonaceous materials 
for officers of the Survey, and for the study and interpretation of rocks and minerais, 
their geologica/ association, and processes leading to their formation. The Division is 
composed of the following four sections: (1) Isotope Geology; (2) Analytical Chemistry; 
(3) M ineralogy; and (4) Petrology, each of which is responsible for analytica/ serv ices 
and basic research in a specific field of geology. During 1965 a Data Processing Unit 
was established to apply the new methods of data handling to the output of the Division. 
l ts operations are expected to expand to hand le data for the entire Geo logical Survey. 
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The major effort of the Isotope Geology Section du ring the year has been devoted 
to age determinations based on isotopie measurements of potassium-argon, rubid ium
stront ium, and uranium-thorium-lead systems. l n the potass iu m-argon program, a 
new argon-38 spike-preparation apparatus was added, which has been designed to 
permit simultaneous fil ling of 185 spike tubes instead of the present 20, and one set of 
calibration analyses instead of 20 to estab lish gas pressure in the tubes. l n addition a 
new low-cost mass spectrometer was obtained, which wi ll improve the methods of 
argon analys is and re l ieve t he analyt ica l Joad of one of the exist ing mass spectrometers, 
t hereby improving t he general operation of age determination. A total of 209 potass ium
argon ages were determined du ri ng the year, and the Survey's potassium-argon facilities 
are current ly being taxed to their capacity. Facil ities for rubidium-strontium age 
measurements were brought into full operation . About 360 mass spectrometer deter
minations were made and resu lted in 12 isochron ages of granitic, volcanic, sedimentary, 
and ultrabas ic rocks from various parts of Canada. T he radiocarbon laboratory operated 
two sample counters (2- litre and 5- l itre volumes) continua lly, and completed 216 
carbon-14 age determinations during the year . Research on bone material has shown 
that only the collagen fraction provides a re liable carbon-14 date, the carbonate fraction 
proving quite unreliable. Stable-isotope investigations were continued on sulphide 
minerais from Keno H il l , Yukon, on Jead minerais from rocks in the Kootenay district 
of British Columbia, and a start was made on traci ng the movement of enriched stab le 
isotopes from the soi l to the stems and leaves of plants. 

T he Analytical Chemistry Section provides chemical and instrumental analyses of 
rocks , minerais, and related materials for the solution of geological problems, adapts 
and deve lops methods for analyses of geological materials, and compiles chemical 
data on geologica l materials . T he major part of its work is the production of analyses 
for use in Geological Survey research : 4,937 samples were submitted by Survey officers 
for chemical analysis during the year, and 4,749 were comp leted. lmprovements in 
procedures and techniques were made during the year, and th e analytical production 
is operating at its capacity. Ali chemical analyses prepared by the Geological Survey 
between 1846 and 1955 were published in 1965 in G .S.C. Bulletin 115. 

T he activities of the Mi neralogy Section included the preparation of rock and min
erai specimen sets for t he general public as we ll as for Canad ian embassies throughout 
the world and a disp lay for Expo 67; identification of minerais for Survey personne l 
and the general pub lic ; addition of X- ray powder-photograph patterns of minerais to 
the Survey's reference collection ; examination of minerai concentrates for the Survey's 
potassium-argon-dating program; maintenance and extension of the Systematic 
Reference Seri es of the National M i ne ra i Collection; study of new and rare mi ne ra is; 
re lationships of mica composit ions to the composition of associated minerais and the 
host roc k ; and an X-ray investigation of the serpentine group of minerais. 

T he Petrology Section conducts field and laboratory research i nto the theories 
and problems of petrology and carries out systematic stud ies of specific rock types, 
from which better understandings of the economic or regional petrological problems 
encountered by other units of the Survey can be obtained. Du ring the year geological 
studies cont inued on t he ori gin and emplacement of granitic rocks in parts of Britis h 
Columbia, where the mountainous terrain provides a third dimension to the fie ld obser
vations, and of ultrabasic rocks in British Colum bia and in the Porcupine-A bitibi 
reg ion in eastern Ontario . T echnical assistance was given to t he Department of National 
Defence in a deep-drilling program near Flin Flon, M anitoba, and several members of 
the sect ion were act ive ly involved in the scient ific and logistical aspects of an Inter
national Upper M antle Symposium held at departmental headquarters in September. 
The Petro logy laboratory provided various services to Survey officers, including specific 
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gravity determinations, minerai and rock stain ing, and identifications of minerai prop
erties and compositions by petrographic methods. T he Survey's meteorite research 
continued. 

GEOPHYSICS 

Survey geophys icists conduct and interpret geophysical surveys as an aid to the under
standing of the geology of Canada, and carry out research on the development of new 
geophysical methods and instruments to assist geological investigations and prospecting. 
Du ring 1965 the Geophys ics Division was reorganized into the fo ll owing seven sections: 
(1) electromagnetic and resistivity; (2) federal-provi ncia l aeromagnetic su rveys; 
(3) magnetic methods ; (4) remote sensing ; (5) rock magnetism; (6) seismic; and 
(7) theoretical geophysics. The reorganization spreads authority and responsibi l ity 
amongst the senior specialists of the division, and creates more easily identified bound
aries between t he funct ions of the sections. 

Survey geophysicists played a key ra ie, with personne l of the M arine Sciences and 
Observatories Branches, in obtaining valuable data on crustal and shallow seismology, 
gravity, magnetism, wate r temperatures , sal inity, currents, and bottom sediments in 
H udson Bay, using the C.G.S. Hudson and a charter vesse/ during August and 
September. T his investigation was sparked by interest arising from previous surveys 
by the Geophysics Division in which the existence of a sizeable sedimentary basin in 
H udson Bay had been indicated. T he division also provided planning, instrument tech 
nicians, and digital-compilation staff for a high-sensitivity rubidium-vapour aeromag 
netic survey of part of H udson Bay by the National Aeronautical Establishment. 

A n experimental airborne resistivity survey was conducted over the W ink ler and 
Nokomis areas in M anitoba and Saskatchewan respective/y to test the 1 NPUT (1 nduced 
Pulse T ransient) electromagnetic system to see if the technique could be used for 
reconnaissance mapping of surficial deposits. Exce llent correlation was obtained over 
the W inkler aquifer and was confirmed by a OC ground resistivity survey. Good cor
re lation was also obtained in the Nokomis area. T wo other areas were flown, but t he 
results have not yet been assessed. l t is conc luded that the 1 NPUT system can map 
changes in resistivity between clay, ti ll , sand, and grave/ in the top 100 feet of surficial 
depos its in the Prairies. T he poss ibi l ity of app lying this technique on a wor ld-wide bas is 
is considered to be a real contribution to the 1 nternational H yd ro logical Decade program. 

M embers of the Division conti nued their management ro is in the federa l-provincial 
aeromagnetic survey program, and a second set of three-year contracts in the nine-year 
scheme was let during the year. T he first set was comp leted in 1964. Aeromag netic 
surveys were conducted in eastern District of K eewatin, western Yukon, southeastern 
Britis h Columbia, across the M anitoba-Ontario boundary, and in northwestern New 
Bru nswick. Geophysics personne l checked 476 one- and two-mi le aeromagnetic map 
compi lations resulti ng from the federa l-provincial program and comp iled and checked 
an additional 152 map-sheets from surveys by t he Geological Survey. 

An aeromagnetic map pub l ished by the Survey in June revealed magnetic char
acterist ics t hat led to the discovery of a sizeab le mag netite iron-ore prospect in the 
Grenvi l le structura l province 35 miles northeast of North Bay. 

Deve lopment of a lig ht-we ight hig hl y sensitive continuously recording Overhauser 
magnetometer continued du ring t he year, and the instrument has now been sat isfactori ly 
bench-tested. l t is expected to prove very usefu l for aeromagnetic surveys over moun
ta inous terrain . l t was recent ly patented by the Canadian Government. 

Geophysical personne l part icipated in the testing of a high -sensitivity rubidi um
vapour magnetometer over part of H udson Bay, and t he resu lts indicate that the in
strument wi ll be of value in sed imentary areas by detecting shallow-anomaly sources 
caused by fau lts and fo lds within the sedimentary rocks . l t is also expected that the 
instrument wi ll prove useful over ig neous and metamorphic terrai ns. 
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T he Survey conducted a test survey in the Vaudreui l area, Quebec, and along the 
north shore of Lake Ontario with an airborne infrared scanning instrument, which 
showed great promise for hydrogeological purposes in detecting pol lution effluents, 
currents, thermal wastes, and underwater obstruct ions in surface wate rs. Geophys
icists also conducted seismic surveys in H udson Bay, the Gulf of St. Lawrence, Al berta, 
and northern Ontario . 

Research on pa laeomagnetic equipment was undertaken and computer programs 
were prepared to speed up the large volume of calcu lations stemming from the pa
laeomagnetic investigations. 

Considerab le progress was made during the year in the analysis of aeromag netic 
data on the enormous magnetic anomaly in t he M oose River area of northern Ontario, 
and in the compi l ing of an aeromagnetic map of Canada. 
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Mines Branch 

The Mines Branch is a complex of laboratories and pilot plants designed to assist 
the Canadian minerai industry in the more efficient extraction and elaboration of 
minerai wealth of ail types, and to improve and broaden the uses of metals and 
minerais. Du ring the year under review the Branch continued a number of 
promising research projects and started several new ones. 

T ests and investigations carried over from previous years dealt with the 
effects of uranium additions to various alloys, welding at low temperatures, 
petro leum hydrogenation in a high-pressure pilot plant, catalytic cracking of 
petroleum, co king of Canadian coals, the co-precipitation of electron ic ceramics, 
automatic grinding of gold ores, bacterial leaching of uranium, and surveys of water 
quality in many reg ions of Canada. 

Other projects invo lved such d iverse matters as advice to the Royal Canadian 
Mint on new coinage metal, the deve lopment of automated equipment for evaluating 
cata lysts used in the desulphurization of crude oils, the formation of t he Canadian 
Carbonization Research Associat ion in conjunction with coal research in the Branch, 
a study in depth of sulphide minerais with special attention to their structural 
classification, a new tin-fl otation process as technical assistance to Bolivia, and the 
estab li shment of an eastern laboratory in the Atlantic Provinces . 

PHYSICAL METALLURGY 

The Di vision conducts fundamental and applied research on metals and all oys for the 
support and expansion of the Canadian mining and metals industry . Current activities 
embrace the deve lopment of new materials , the improvement of estab l ished metals 
and alloys, and the deve lopment of new uses and metallurgical process ing techniques. 
ln addition to work on immediate , practical problems, fundamental studies are con
ducted in fie lds where new data and knowledge may prove fruitful in future years. 

T o sustain the enviab le international position achieved by the Division in many 
specialized fields of physica l metallurgy, staff members served on numerous executive 
and technical committees of professional societies and advisory groups. 1 n addition, 
senior staff scientists participated in cooperative research and exchanges with other 
institutions throughout the world. 

M any investigations were conducted on behalf of both producers and users to 
assist in the evaluation of fa ilu res of metal components, or where unwitting service 
abuse could be discovered through meta llurgical examination , and thereby avoided in 
future. ln recent years such investigations have originated in about equal proportion 
in industry and governmental or defence agencies, but with the usefulness of such work 
amp ly demonstrated, private industry is developing increasing self-sufficiency in this 
regard . H owever, in 1965, the proportion was still approximately 35 percent for in
dustry and 65 percent for government, defence and simi lar agencies . lndustry may 
be expected to continue to rely upon the Division for highly specialized knowledge and 
facilities. 
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l ncluded in the wide range of fai led or damaged products and equipment given 
extensive metallurgical examination were several boiler tubes, components of a paper
making machine and a pneumatic rock dri ll, military rifle and weapon parts, aircraf t 
components from crashed or damaged aircraft, a rock-crusher mantle head, steel 
rai ls from Labrador iron-ore-transportation service, a ship's propel ler, coining dies for 
coin minting , numerous welded parts such as armour plate, aircraft fue ll ing tanks, 
exhaust manifo lds, sait-bath tanks and piping for underground electric cable. 

Among items of more historical importance were identification and dating of 
metal re li es from the Northwest T erritories and from the bed of the St. Lawrence 
Seaway. 

Among services rendered to other government departments was technical advice 
to the Royal Canadian Min! in connection with prospective changes in Canadian 
coinage metal. 

A ll oy research is an obvious field where much fundamental work is required in 
expansion of uses as well as in the deve lopment of new materials. l n this field, work 
was done on a variety of steels, and included studies of potential benefits through 
uranium all oying additions. 1 n light-alloy research, the premium quality concept was 
extended to high-strength aluminum casting alloys, and further work on M g-Zn-Ag
Zr casting alloys confirmed and extended the potential of this system for very high
strength magnesium alloys. Work continued on the deve lopment of high-density urani
ium alloys for non-nuclear mi li tary applications and in the useful application of uranium 
additions to copper alloys. Studies of all oy systems in the refractory metals included 
work on niobium (columbium), titanium and zirconium. 

M elting, refining and casting research embraced work on vacuum degassing of 
stee l, studies of operational procedures on the properties of magnesium-all oy castings 
and investigation of the foundry characteristics of copper alloys. 

Powder-metallurgy research included further evaluation of hyper-eutectic alum
inum-silicon all oys producible on/y by this technique , and studies were made of 
composite materials of possible use as coi nage meta l in l ieu of high-silver alloys. 

l n we lding research, work continued in the low-temperature field , since this is 
of great practica l importance in Arctic and winter-service conditions. 

Corrosion research and studies of various surface treatments included galvan ized 
coatings, the effects of composition on the corrosion of stainless stee l and environ mental 
cracking of high-strength stee ls. 

Fatigue damage in metals was studied to better understand the mechanisms 
involved and to develop methods of evaluating the progress of damage prior to ultimate 
failure, and hence preventing catastrophic fai lure of components in service. 

Of growing importance is t he function of t he division as the certifying authority 
for industrial radiographers, on behalf of the Canadian Government Specifications 
Board. 1 n the past year ex ami nations were held in 14 centres a cross the country, 
resu lt ing in t he certification of 79 senior and 34 junior radiographers. The importance 
of maintaining high standards in this fie ld arises from the expanded use of welded 
structures, includi ng gas pipe li nes, where radiographie inspection is a major factor in 
ensuring pub lic safety. 

T wo ten-day courses were given to RCAF personnel, covering theoret ica l and 
practica l ind ustr ial rad iography. 

T he physics of me lting and sol id ification provide a potential key to achieving 
improved cast metals, and studies continued on viscosity, density and surface tension 
of l iqui d metals as we ll as diffusion in, and the structure of , soli dified all oys. 
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M etal-physics research embraced fundamental studies on dis location movement, 
plastic deformation and slip-band structure in fatigued metal. Ion bombardment was 
app l ied to the determination of surface atom positions, and the nove l apparatus and 
technique deve loped in the division may find wide app lication as an aid to teaching 
crystal lography. 

FUELS AND MINING PRACTICE 

One of the major ro les of the M ines Branch has been to forecast the nation 's minera i
fue l requirements and to develop more efficient techniques of converti ng Canada's 
natura l resources into products that wi ll meet these needs. The rapid increase in 
demand for petro leum has stimu lated research on the development of improved pro
cesses for refining heavy oil s such as the Athabasca bitumen . Research has been 
confined to hydrogenation, catalytic cracking and catalyst development. 

T he hydrogenation research features the operation and process evaluation of a 
combined liquid-and-vapour-phase pilot plant operating at pressures up to 10,000 
pounds per square inch. During the year numerous mechanical difficulties were over
come, and the stability of the operation has reached the point where various catalysts 
may be evaluated. T he limiting temperatures and pressures where the onset of coking 
begins have been determined for the feed and catalyst now in use. T his plant wi ll be 
used to obtain process costs and to train mechanical and chemical engineers in refining 
techniques . 

T he Division is continuing the catalytic-cracking research program w hich involves 
the construction of a fluid-bed pi lot-plant unit capable of operating at pressures up to 
1,000 pounds per square inch to process feed stocks too heavy for conventional refining 
operations. T he progress made during the year consists of completing the installation 
of ai l the major vessels and the operating panel. T he instrument lines have yet to be 
full y installed and the insulation and fina l testing remain to be completed. 

Catal ysis plays an important role in the refining of low-grade Canadian crude oils. 
Past research at the Division has concentrated on improving the physical form of the 
catalyst and catalyst support. One Canadian and one British patent have been issued to 
the Division during the year which describe the preferred process for manufacturing 
catalysts with a controll ed pore-size distribution. 

Poss ibly a more important aspect of catalysis is the correct se lection of the catalytic 
substance. l n this fie ld of investigation a comparison of meta l ox ides with the corre
sponding sulphides was made to determine the relative rates of loss of activity. T he 
performance of the sulphides was substantially better than that of the oxides from the 
point of view of deactivat ion by coke deposition. 

A most significant advance has been made during the year in the development of 
automated equipment for evaluating catalysts with respect to their ability to desulphur
ize heavy crude oils. This equipment wil l substantially accelerate the capacity to deter
mine those catalysts that make a genuine improvement in the refining art. 

Research on coal at the Division was oriented to assist the coal industry to improve 
and expand sales to the metal lurgical and utility industries. T he purity requirements 
of coal for making cokes and chars are stringent and efforts at the W estern Regional 
Laboratory continued to improve the compound water-cyclone system for cleaning fine 
bu lk products . As a resu lt of earlier research the Canadian company licensed to market 
the system exported in 1965 th ree 24-i nch u nits of a capacity of 21 O tons per hou r to an 
Australian coal mine, and an additional order was placed at the end of the year. 

T he removal of fine solids from plant effluents was investigated. A densifier 
cyclone was developed that "strips" sol ids from effluents in the form of a paste or as 
slugs that can be shovelled and then trucked or stacked by a conveyor belt. T his is not 
only important in improving recovery of coal and other fine materials, but also as a 
significant contribution for reducing pollution of rivers and lakes. 
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The carbonizat ion program has been extended and rece ived general support from 
the Canadian coal and steel prod ucers through the formation of the Canadian Carboniza
ti on Research Association. T he Associat ion is carrying out agreed research programs 
which include the evaluation of coking coals by petrographic-bench and tech nical
scale methods, preheating coal to increase coke-aven capacity, heat-transfer studies 
and improvements in production of entities for form-coke by extrusion methods. The 
sem i-industrial-scale vert ical reactor has been completed and experi ments wi ll be 
made with the extrud ed entities. 

Combustion-engineering research emphasized studies on the character of high- and 
low-temperature corrosion in the combustion of coal and oi l, means of eliminating these 
undesirab le phenomena and on the reduction of atmospheric poll utants from combustion. 

Research work in mining is be ing conducted at three leve ls- basic studies, app l ied 
research and advanced techno logy- on t he properties of rocks, ground contra i of 
underground workings, stability of open-pit slopes, rock breakage and airborne dusts . 

W ith the estab l ishment at the end of 1964 of a fie ld laboratory adjacent to the 
Nordic mine at Ell iot Lake, Ontario, ground-control and dust research has greatly 
improved. A staff of 16, including research engineers, scientists and technici ans, have 
been located at this laboratory. T he staff is to increase to more than 20. 

Grants-in-aid total l ing approximate ly $30,000 for the 1965-66 university year were 
granted to seven Canad ian universities to assist in their post-graduate studies. 

New modifications of the type and method of manufacturing of dri ll stee l , deve loped 
at the dri ll-stee l laborato ry, are being examined and analyzed in close cooperation with 
the steel industry. 

Standard data on the performance production under dry and wet corrosion are 
provided for interested mines and steel plants. 

Evaluations are undertaken of laboratory-drilli ng times for various types of conical 
con nectars between drill bit and stee l, and the most effic ient con nectar is recommended 
for industria l use in mine dri l ling. 

The analytical laboratories for fuels analyzed 1,585 samp les of solid, li qu id and 
gaseous f uels, including 121 mine-air samp les . T he exp losives laboratory exami ned 
124 explosives and formu lati ons, and the electric-cert ification laboratory completed 
61 investigations of equipment; bath laboratories also carried out a number of research 
projects. 

MINERAL SCIENCES 

A good ly port ion of Canada's minerai wealth is contained in su lph ides. Copper, lead, 
zinc, nickel , and the precious metals often associated therewith, occur in sulphide 
deposits. A lthough Canada has vast quantities of such materials, with more being 
discovered each year, it is surprisi ng how litt le is known of the fundamental properties 
of sulph ide minerais. 

The treatment of ores and the various metallurgical processes involved are main ly 
traditiona l and classical , and are based on empiricism and on the sparse data availab le 
many decades aga. M ost subsequent advances have been improvements in engineering 
practice. l t is now realized t hat, if dramatic advances in minerai processing and in the 
various aspects of metallurgy are to occur, a much more extensive fundamental know l
edge of the structure and properties of minerais must be made availab le. T o sum up, 
in order to know how to take a minerai apart effic ient ly one must know how it is put 
together. 

To this end, the Mi nerai Sciences Di v ision has embarked upon a study in depth of 
sulph ide minerais, with special emphas is on those occur ring in Canadian orebod ies. 
The disciplines involved are mineralogy, crystallography, sol id-state physics, quantum 
mechanics and inorganic chemistry. The program has been under way for about a yea r, 
and some interesting avenues for exp loration have been revealed . 

34 MINES AND TECHNI CAL SURVEYS 



One of the peculiarities of sulphide minerai s as a group is that, to date, they 
have defied ail attempts at orderly classifications based on structure. Along with this, 
many sulphide minerais have very complex structures. W h ile such a set of circumstances 
may seem forbidding at the start, the reward s of success should be most gratifyi ng . 
For this reason very modern and sophisticated approaches to the study of structure 
have been taken . 

X-ray diffraction is a powerful method for elucidating structure, but the usual 
types of equipment have been found inadequate for the precision required in sulphide 
studies. At present, recentl y developed equipment of superior performance is being 
acquired. 

Current chemical theories do not provide an adequate exp lanation for bonding in 
sulphide structures. Among the techniques being emp loyed in the Division in an attempt 
to resolve this problem are optical absorption in the visible and infrared regions, 
electrical behaviou r, and stabi lity relations. 

l n the processing of minerais by flotation, leaching, roasting, etc., the reactions 
take place at the surface. H ence, the sulphide program also involves studies in surface 
chemistry. These studies are of particular importance in the sul phide minerais, since 
the surfaces of many tend to be altered readil y by the atmosphere. 

Electronic and magnetic ceramics are assuming an ever more important role in 
modern technology. The Division is responsible for several important aspects of the 
Branch program on studies of these materials. Investigations aimed at improving the 
fabrication and sintering procedures for the piezoelectric ceramic bodies continued. The 
consititution of these mate rials was studied by phase-equil i br ium work in the lead -oxi de
titania-zi rconia system. 

Ferrites, comp lex oxides of iron with other metals which have a host of uses in 
modern magnetic technology, are being subjected to exhaustive investigation. At present 
the work is confined to the hard or permanent-magne! type, which consists of iron oxide 
and , usually, barium oxide, reacted to forma hexaferri te. Lead oxide and/ or strontia can 
replace ai l, or part, of the barium oxide. Studies are under way to determine the prop
erties resu lting from vary ing the amounls of barium oxide, lead oxi de and strontium 
oxide in these hexaferrites. Owing to inadequate knowledge of the factors involved 
in producing ceramics of desirable magnetic properties, quality contrai in the process 
is most difficult. A clear understanding of these factors wou ld be of great economic 
importance. 

ln both the piezoelectric and magnetic studies the preparation of the materials 
by a co-precipitati on technique, lead ing to an accurate contrai of chemical composition, 
is a novel feature. The work is of strong industrial significance. A number of Canadian 
companies are engaged in producing the raw materials, and some of them are either 
producing or are interested in producing the finished bodies. 

T he Division maintained its collaboration with national and international standards 
organizations. M any analyses were done in connection with the work of the American 
Society for T esting and M aterials Committee on devising standard methods for the 
analysis of metal lic ores and related materials. T he Division assisted in the standard iz
ation by the Nationa l Bureau of Standards of brasses and bronzes for use in spectro
graphie work, by providing the chemical determination of a number of elements. 

T he Division has for some time participated in the work of the chemical analysis 
group of the M aterials Panel of the Advisory Group fo r Aeronautical Research and 
Development (AGARD) of NATO. During the past yea r, studies were conducted on 
A GARD sampi es of niobium rod and specially blended tantalum powder . 1 ron and 
carbon contents were investigated by chemical methods, and silicon by a spectro
graphie technique. M ethods for the analysis of magnesium metal proposed by the L ight 
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Alloys Committee of t he 1 nterrational Organizations for Standardization were evaluated. 
l n addition to these, several Canadian companies were assisted in standardizing ref
erence materials for use in controlling qual ity in production. 

EXTRACTION METALLURGY 

ln the field of extraction metallurgy, applied research was carried out on hydrometal
lurgi ca l and pyrometall urgical processes and on electroplating techniques and corrosion 
prevention , and basic studies were conducted on chemical reactions of metallu rgica l 
importance . M ost of the research was on long-term projects that were continued from 
the previous year. 

As in previous years the hydrometallurgical processes used in gold mining received 
considerable attention. Research continued on the cyanide process, cooperative studies 
with industry were made on the application of automatic controls of gold mills, and 
technical liaison was provided between Canada's widely dispersed gold mines. The 
detrimental effect of residual xanthates, which are used as flotation reagents in making 
flotation concentrates of gold ores, on the subsequent cyanidation of the concentrate 
was studied in the laboratory, and a simp le method for control ling xanthate additions 
was devised. l n addition, the applicati on of ion exchange for the recovery of gold from 
pregnant solutions was studied. 

T he M ines Branch shared in a cooperat ive project with industry to evaluate the 
benefits to be gained from an automatic control system installed on the grinding circuit 
of a western Que bec gold mine. The grinding circuit was examined in detail before and 
after the instal lation of the automatic control system, and the voluminous data obtained 
were prepared for analysis with the aid of a computer. At the same time, a parallel study 
was conducted at the Mi nes Branch, using a pilot-plant bal l mill, to determine the 
correlation between mill in -put variables and the size distribution of the ground product, 
and their relationship to measured levels of mill sound. 

1 n the research on uranium-ore processing, studies were conducted on the use of 
bacterial action in the leaching of uranium from crushed or ground uranium ore. 
M ineralogical sludies of residues from bacterial leaching of whole ore showed th at, in 
19 weeks, the leachi ng action completely pervaded the largest particles investigated 
(minus-4 mesh) . Uran ini te, which is one of the principal uranium-bearing minerais in 
the uranium ores from t he Elliot Lake area, cou ld not be detected in samples of ore 
that had been exposed to bacterial action, and even pyrite and brannerite-anatase 
showed under the microscope that they had been attacked . l t is clear that, given time, 
bacterial action can exert a substantial effect on these uranium ores. 

The process for the production of mi xed lead-zirconium-titanium oxides by chem
ical methods as a raw material for the manufacture of electronic ceramics was studied 
on pi lot-plant scale. Sufficient quantities of material of closely controlled composition 
were produced for performance studies on the final product, and further improvements 
in techniques for making the oxide mi xtures were achieved. T he effect on the properties 
of the electronic ceramics of substituting strontium for part of the lead, and of adding 
other moclify ing agents, was determined. The work showed that the process which was 
developed in Branch laboratories is high ly effective for the production of a pure materia l 
of close ly controllecl composition, and that the properties of the electronic ceramics 
made from such material are favourably affectecl by the development of such controls. 

Studies on the refining of Canadian-produced tungsten concentrates were con
tinued. T he application of cation exchange for the purification of tungsten-bearing solu
tions made possible the development of a more effective leach process, the i ncreased 
cost of the ion exchange step being balanced by a higher extraction of the tungsten. 
T he grade of the final product was equal to that of commercial ly available tungstic oxide. 
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Other hydrometal lurgical studies included one on the application of ch lorination 
processes to the treatment of complex base-metal ores . An investigation of the pos
sibilities of using a differential su lphation roasting technique to separate nickel and 
copper was completed. 

1 n pyrometallurgy applied research was devoted principall y to the shaft furnace
electric furnace combination under development in our laboratories. While a suitab le 
configuration of the principal units had been worked out earlier, much design and 
deve lopment remained to be done on ancil lary equ ipment. Process investigations were 
carried out to evaluate the efficiency of the unit in smelting iron-oxide ore, and in me lt
ing pre-reduced iron pe llets. l n sme lting iron ore it was evident that utilizing the hot 
off-gases in the shaft fu rnace to pre-treat i ncomi ng ore recovered useful process heat 
and accomplished some measure of pre-reduction . l n melting pre-reduced iron pellets, 
it was establi shed that a substantial proportion of the electric power normally required 
for melting could be rep laced by the burning of natural gas. 

Electroplating research was largel y concerned with the contrai of hydrogen em
britt lemen t of high-strength steel during plating. Earlier work had shown the benefits 
in zinc and cadmium plating of controlling plating-bath composit ions in minimizing 
hydrogen embrittlement, and simila r contrais were found to be equally effective in 
copper plating . T he preparation of the plating surfaces was also shown to be a major 
factor in minimizing embritt lement. 

l n the corros ion program , the study of inhibitors of su lphu rous-acid corrosion of 
low-carbon steel continued, with particular attention to the ammonium-oxalate-hexa
methylenetetramine inhibitor which had been shown in the laboratories to be notably 
effective. l t was found that picric acid in smal l proportions acts ta substantiall y reduce 
the concentrations of these reagents needed for the protection of low-carbon steel. 

Among the basic research projects under way, the kinetics of the leaching reaction 
of acidic ferric su lphate on the copper minerai chalcocite were investigated to determine 
the reaction mechanism and to identify the rate-controlling step. l t is expected that the 
information obtained will have an app l ication to leaching reactions in general. T he 
remarkable ability of sodium su lphate to catalyze the su lphation of metallic oxides was 
studied, and a hypothesis as to its method of operation was developed. T he thermody
namics of t he manganous su lphate-manganese oxide-sulphur trioxide system was eluci
dated, and the kinetics of the formation and decomposition of nickel su lphate to form 
nickel oxide and su lphur trioxide were worked out. 

MINERAL PROCESSING 

T he personnel of the Minerai Processing Div is ion maintains a close association with 
the mining industry, providing information and technical advice, and carrying out 
various investigations on technical problems. Projects of broad potential interest were 
also initiated. 

The high price of metals encouraged mine development and increased the demand 
for ass istance by the metallic-minerals laboratories in the development of processing 
methods. The pilot plant operated at capacity ; bench-sca le investigations were made on 
34 samples of various ores. 

1 n the pi lot plant, feasi ble processes were developed for sampi es from base-metal 
deposits in Ontario, New Brunswick and Quebec and were subsequently incorporated 
into production plants. Processes that were developed for samples from a base-metal 
deposit in Ontario and from chromite and pyrochlore deposits in Quebec are being 
evaluated. 

Smaller-scale investigations were conducted on the beneficiation of ores from 
new mining projects and from operating plants. Samples from deposits of base metal, 
precious metal and ferrous ores in several provinces were included. A process was 
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developed for the flotation concentration of stibnite from a sample from the Yukon. 
Assistance was provided in solving problems on mine-backfill preparation and the 
recovery of metal from smelter slag. 

Progress in process research of general application was retarded because of a 
shortage of staff, but some fundamental principles of iron-ore flotation, filtration and 
jigging were investigated. During a program of technical assistance to Bol ivia, a new 
tin-flotation process was developed and patented . 

Several hundred industrial-minerals samples from many sources from coast to 
coast were received for investigation. Nearly 200 samp les of ceramic raw materials and 
products were evaluated. Forty-seven samples were received for processing in the 
industrial-minerals mill. M ore than 100 samples of non-metallic minerais were sent in 

for evaluation or processing in the laboratory . Numerous inquiries were answered. 

Ce ramics research centred principally on lead-zirconate-titanate bodies from 

pure co-precipitated materials, the making of a sewer-pipe body from an Ontario shale 

by isostatic pressing , the composition and hot-pressing of thermal-conduct ivity stand

ards, the heat capacity of magnesium-silicate minerais and bodies prepared from these 

minerais and high-alumina cernent, a dead-burned , hydration-resistant magnesia 

from Canadian magnesite, and the properties and processing of useful Canad ian clays 

and shales. Close cooperation with industry on industrial prob lems led to several 

improved plant operations. 

T he growing need for improved construction materials to meet more rigid specifi

cations has stimulated applied research for new and advanced techniques for evaluation 

of raw materials and finished products. An accelerated strength test for concrete and a 

ring test for determination of the tensile strength of brittle materials are two develop

ments that have aroused considerable interest. 

l n the industrial-minerals mill, studies continued on the floatability of pure min

erais, on electronic sorting and on ultrafine grinding. A comprehensive project on 

Canadian fluor ite was initiated. Samples of various industrial minerais were received 

from several provinces for the deve lopment of processi ng methods. 

Asbestos research received much attention, with special emphasis on surface area 

and its re lationship to fibre harshness, and on new techniques for measuring fibre 

length and diameter. T he study of the application of Canadian bentonite to iron-ore 

pelletizing continued. T he search for commercial silica indicated that several deposits 

in Quebec and one in M anitoba might have value . Studies of Canadian sulphur and 

potash in world markets conti nued. 

T he industrial-waters laboratory analyzed 3,950 samples, continued its surveys 

of water qual ity in western Canada and in the international rivers in M anitoba and 

Saskatchewan, completed a survey in the Upper Great Lakes drainage basin, and up

dated surveys in t he H udson Bay, A rctic Ocean and Labrador bas ins. W ater-poll ution 

studies cont inued in t he eastern Rockies, in the headwaters of the Saskatchewan River 

system and in various streams in New Brunswick . Assistance was provided continuall y 

to t he Departments of National Defence and Public W orks in solving problems of 

water supply and treatment. Several projects were in itiated through the laboratory's 

participation in the International H ydrologie Decade . 

An eastern laboratory was established temporarily at Dartmouth; it wi l l be moved 

to permanent quarters in M oncton in 1966. l n October the industrial-waters section 

became part of the Department's newly formed W ater Research Branch. 
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M ineralogical assistance was provided to personnel working on various projects. 
lncluded were the study of the re lationship between the clay mineralogy of argillaceous 
materials and their ceramic properties, and between the mineralogy and physical 
properties of concrete aggregates and building stones. ln the course of such studies 
several mineralogical discoveries were made. 

Continued efforts to improve mineralogical techniques resulted in an instrument 
for rap id determination of the density of heavy liquids, an improvement in the prepara
tion of thin and polished sections and extension of the range of materials that can be 
stai ned selectively. 
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Observatories Branch 

The Observatories Branch consists of six units: the Dominion Astrophysical 
Observatory, Vi ctoria, which operates as an independent scientific institution under 
the di rection of the Dominion Astronomer; the Division of Positional Astronomy, 
Ottawa ; the Stellar Physics Division, Ottawa, which operates meteor-observing 
stations in northern Al berta and the Dominion Radio Astrophysical Observatory 
near Penticton, B.C.; the Division of Seismology, Ottawa, which carries out fie ld 
work in various parts of Canada and operates 25 seismological observatories; the 
Division of Geomagnetism, Ottawa, which operates seven magnetic observatories 
and is involved in field work both inside and outside Canada; the Division of Gravity , 
Ottawa, involved in fie ld work in all parts of Canada. 

1 n addition to operating these institutions the Branch is planning the 150-inch 
Queen El izabeth 11 telescope. Th is te lescope wi ll be located on M ount Kobau in 
south-central British Columbia where it wi ll be the principal instrument of a pro
posed National Observatory. Th e mirror blank was ordered during the year, the 
optical dimensions of the telescope were decided on and preliminary studies of the 
mer.hanical design were carried out. A road to the top of M ount Kobau was under 
construction at the end of the year. 

POSITIONAL ASTRONOMY 

The main purposes of this Division are: 

(1 ) to observe stars when they are in transit to improve our knowledge of their 
position and space motion; 

(2) to observe stars whose positions are well known to determine astronomical 
time and latitude; 

(3) to maintain Canada's time serv ice; 

(4) to determine ephemeris time from visua l and photographie observations of 
the moon in its monthl y circuit through the stars; 

(5) to carry out related research. 

During the past year some further improvements were incorporated into the new 
M irror T ransit Circle. Preliminary observat ions from it are current ly under study to 
determine the capabi l ities of this rad icall y new instrument. 

Data from the large num ber of stars observed in the years 1955-1960 with the 
now discontinued M eridian Circle are gradually approaching the stage of pub lication. 
l t is part of an international program in which the efforts of several observatories w ill 
be combined to improve one of the fundamental star cata logues. 

The Photographie Zenith Tu be (PZT) was operated every clear night to measure 
astronomical time and latitude. Resu lts are forwarded each week to t he international 
data centres where they are comb ined with resu lts from similar instruments dispersed 
around the globe to give precise values for irregularities of earth rotation and wander
ing of the pole of rotation . Cloudy weather during the last two months of 1965 reduced 
the number of observations to 187 from the usual 200 plus. 
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Photographie observations of the moon together with visual timing of occultations 
have combined to indicate that time by earth rotation (UT) is slow by nearl y 36 seconds 
compared to ephemeris time. 

The time service at the Observatory not on ly has the most recent commercial 
atomic devices for maintaining precise frequency, but du ring the year was ab le to move 
into the new time laboratory. H ere the electronic equipment is arranged for convenience 
of servicing and of disp laying to visitors . 

Ti me in Canada is maintained in agreement with the internat ionally coordinated 
time. The rate of the transmitting clock is controlled to within a few hundred-thou
sandths of a second per day so that the time as emitted is held within a thousandth of a 
second of the coordinated time . Precision of this order is required very generally in our 
automated society. Any deviation or interruption in the service brings comments from a 
surprisingly large number of users . 

Apart from the CBC noon-time signal, the best-known out let of Observatory t ime 
is the continuous signal over the three short-wave channe ls of CHU (3330 kcs, 7335 
kcs and 14670 kcs). The bil ingual announcement of time each minute has found wide 
acceptance . During the year provision has been made to app ly an atomic frequency 
directl y to the transmitting clock. 

1 nformation is supp lied on request to calendar makers, law courts , game wardens 
and private individuals concerning astronomical phenomena such as times of sunrise
sunset, moonrise-moonset, phases of the moon, appearances of planets, and so forth . A 
record is also kept of festivals and anniversaries and daylight saving, so that enquiries 
in that respect may be answered. 

Apart from research work, another function of the Observatory is its educational 
service to the pub lic. Saturday evenings, from April to October inclusive, are set aside 
for this purpose , and visitors are given an opportunity to view celestia l objects through 
the 15-inch telescope and to learn something about the operation of the Observatory and 
its research. Du ring the remainder of the year provision is made for groups to vis it the 
Observatory at pre-arranged ti mes. Du ring 1965 there were si ightl y more t han 1 OO 
groups comprising some 3,100 persons. Wi th the upsurge of popular interest in astron
omy, due in part to the advances in space sciences, the Observatory 's educational 
faci lities have been broadened, and the services given have increased manyfold . 

STELLAR PHYSICS 

Considerable progress was made at the Dominion Radio Astrophysical Observatory, 
Penticton, in studies of the radio emission from our own galaxy and remote radio 
galaxies. Three major radio-te lescopes are now in full operation at the Observatory. 

The main program with the 84-foot paraboli c te lescope continued to be t he survey 
of the sky at frequencies near 1420 M c/ s. The survey w ill provide measurements of 
the intensity of point sources and a map of the sky with a resolution of 36' of arc. The 
development of a 100-channel rece iver for hydrogen-line studies with this telescope 
was brought near completion. T his receiver wi ll drasticall y reduce the observi ng time 
required for studies of neutral hyd rogen clouds in our own and external galaxies. 

Early in the year the remaining portions of the 22-M c; s array were brought into 
operation . The completed instrument is a T -shaped array with the crossbar about 4/ 5 
of a mi le long and a co ll ecting area of 16 acres. 1 n July a full sky survey was begun, and 
observations of 160 point sources have now been completed. 

T he 10-Mc/ s array, which is simi lar to the 22-Mc/ s array and which is a joint 
undertak ing with the University of Cambridge, was used to map a substantial part of 
the galactic background and to measure the intensities of approximate ly 50 sources, 
including some quasars. Observations at 10 M c/ s are much more difficult than at 22 
M c/ s because of ionospheric effects and the presence of man-made interference . 
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D.R.A.O. personne l continued to operate the 2700-Mc/ s solar radio- te lescope fo r 
the National Research Council . 

The meteor observatories in Al berta conti nued thei r program of meteor photography 
using bath cameras and meteor spectrographs to study the interaction of meteors with 
the upper atmosphere. A moderately strong return of the Leonid shower in November 
yie lded several f ine records of the decay of light during the first two seconds after t he 
passage of the meteor. 

A diamond-dri Il hale was successfull y sunk to a depth of 2,385 feet be low the ice 
of W est H awk Lake, M anitoba, and pre l iminary studies of the recovered core reveal 
severe shock affects which establish this lake as another old meteorite crater. 

1 n an attempt to sett le the serious conflict between the accepted values of the size 
and mass of t he planet Pl uto a theory was evolved, based on measures and calculations 
performed in Ottawa, of a possib le astronomical event which cou ld se tt le the problem. 
M any observatories in North America attempted the observations and the resu lt estab
lished a li mit to the diameter of Plu to which showed that the conflict must be due to an 
erroneous value of the plant's mass. 

At Ottawa, the solar magnetograph , an instrument designed lo map automatically 
the magnetic fie lds around sunspot groups was successfu ll y put into operation. Further 
deve lopmental work is continuing on problems of calibration and image guiding. 

The Solar Flare Patrol continued operation throughout the year with the assistance 
of a grant from t he National Aeronautics and Space Admin istrat ion. Routine observa
tions of solar activity were transmitted to data centres in the U.S.A., France and the 
U.S.S.R. 

A so lar site-testing project was ini tiated to test the suitability of M ount Kobau, the 
site chosen for the Queen El izabeth 11 te lescope, as a location for so lar instruments. A 
contract was let for two special telescopes to be used for this purpose. 

SEISMOLOGY 
Further progress was made in the program of establishing a modern network of uni
formly instrumented seismological observatories throughout Canada : new observatories 
were commissioned at Baker Lake, N .W .T ., Fl in Flon, M ani toba, and Great Whale 
River, Qu e. 1 n addition t he instrumentation at Seven Fall s, Que. , and Penticton, B.C., 
was broug ht up to standards, and a vault constructed at Suffield , Alta. A local seismic 
station at Shawinigan Falls, Que., was closed down. T he Department now operates 22 
first-order stations and th ree second-order local stations. 

A sequence of more than one thousand micro-earthquakes occurred in the western 
Arct ic archipelago in 1965 and is under investigation. ln eastern Canada the largest 
shock reached mag nitude 5 and occurred 30 miles from M oosonee, On t on December 19. 
ln western Canada, the Seatt le earthquake of magnitude 6.5 which occurred on Ap ri l 29 
was felt in British Columbia from Victoria to T rai l. T his earthquake triggered on depart
mental equipment in Victoria the first strong-motion record ever obtained in Canada, an 
invaluable record for structural engineers engaged in the design of structures proof 
agai nst earthquake damage. 

Considerab le progress can be reported in t he study of Canadian seism icity, and in 
cataloguing Canadian earthquakes. Another increase occurred in the requests for advice 
from and results of the Division in estimating seismic risk for engineering, safety and 
insurance purposes. The strong-motion- instrumentation program on t he W est Coast 
was pursued and six locations have now been inst rumented. 

Internat ional cooperation in te lese ismic epicentral determination continued, and 
the first seismological bulletin produced automaticall y from the electronic computer 
was produced in manuscri pt form. 
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T he medium-aperture seismic array at Yellowknife, N .W .T. , was maintained in 
operation, and steps taken to improve the l ightning protection . An array-process ing 
analysis centre was broug ht into operation, and before the end of the year both earth
quakes and one nuclear underground test explosion at Anchitka in the Al eutians were 
processed automatically in the Department. Great progress was made in t he automatic 
editing of events. 

Fundamental studies in earthquake seismo logy continued with the use of high 
speed computers, and data acquired automatically on magnetic tape recorders when 
necessary. A defi nitive catalogue of automatically determined earthquake-mechanism 
solutions was sent to press, and research continued on surface waves, the determination 
of earthquake mechanisms using shear waves, crustal reverberation using the character 
of the compressional waves, and instrumental prob lems . A contro ll ed experiment on 
t he character of compressional-wave arrivais from distant earthquakes was performed 
in western Canada using automatic wide-band seismic observatories. 

T he crustal-se ismic- refraction group continued its studies on anomalous crustal 
characteristics in the western Arctic archipelago in cooperation with the Polar Continen
ta l Shelf Project. T he same group cooperated in the H udson Bay experiment of the 
Department. l n addition, a seismic-refraction program in the interior plateau of British 
Co lumbia was comp leted. T his section was reorganized during the year. 

T he heat-flow section made geothermal measurements in eleven boreholes in si x 
provinces of Canada, reconstructed a vastly improved apparatus for measuring the 
thermal conductivities of rocks, and selected sites for the proposed drilling program 
during 1966 in an interesting area of northern British Columbia. 

GEOMAGNETISM 

A two-month 83,000-mile airborne magnetic survey, extending from Baffin Bay to the 
Finno-Russian border, was carried out by scientists of the Division of Geomagnel ism, 
operating the three-component airborne magnetometer developed at the Dominion 
Observatory in a chartered DC-6 aircraft. T he intensity and direction of the geomag
netic fie ld were recorded continuously whi le the aircraft flew in a pattern of parai/el 
lines spaced 100 miles apart over Green/and and the Norwegian Sea, and 20 miles apart 
over lceland, Norway, Sweden, Fin/and and Denmark. The survey of the last four 
countries was made at their request, and the extra fl yi ng costs for this work were paid 
by the respective governments. T he whole operation was designed as a contribution to 
the W orld M agneticSurvey, an international project which wil/ resu lt in greatl y improved 
know ledge of t he earth's magnetic fie ld t hrough measurements made by many countries 
during the present sunspot min imum, wh ile disturbing magnetic storms are rare. Of 
part icular interest to geophysic ists are the results from a detai led survey over t he Mid
At lantic Ri dge southwest of lce land, and from the survey of lceland itse lf, wh ich has 
not had a systematic magnetic survey before. 

l n Canada, careful measurements were made at 16 repeat stations, main/y in t he 
Northwest T erritories, in a continuing program for t he determination of the slow change 
in the magnetic fie ld from year to year. 

Five charts were pub lished, at a scale of 100 mi les to the inch, showing the elements 
of the geomagnetic fie ld and the ir annua l change, as of January 1, 1965, for ail of 
Canada and the neighbouring waters . New methods were deve loped for fitting two
dimensional polynomia l expressions to the results of magnetic surveys, in order to 
make better use of electronic computers in the production of magnetic charts. T hese 
methods were successfu l/ y applied to data from the 1963 airborne magnetic survey of 
the Canadian A rctic. 

Ti me variations of the geomagnetic fie ld were recorded continuous ly at eight 
permanent magnetic observatories- Alert, M ou ld Bay, Reso lute Bay, and Baker Lake, 
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ail in the Northwest T erritories; Great Whale River, in northwest Quebec ; M eanook, 
100 mi les north of Edmonton ; Victoria, B.C. ; and Ag incourt, near Toronto. Four tempo
rary recording stations were operated for four months in the vicinity of Baie St. Paul, 
Que., which is magneticall y conjugate to an observatory in the Antarctic. Recordings 
made simu ltaneously at the six locations are being analyzed to learn more about the 
transmission of magnetic disturbances along the field lines joining conjugate points. 

Portab le recording magnetometers were also used, of ten in conj unction with 
earth-current recording equipment, to investigate local anomalies in the time variations 
of the geomagnetic field. Natural magnetic disturbances induce electric currents in t he 
crust and upper mant le, which produce magnetic and electrica l fie lds at the earth 's 
surface. Theoretical models of various underground distributions of electrical con
ductivity are tested in an attempt to explain the observed fields. T he electrical con
ductiv ity of rock is closel y related toits temperature , and hence toits elastic properties . 
Thus correlations are sought with other geophysical disciplines, such as seismology 
and heat-flow studies. During 1965, investigations of this type we re carried out in 
British Columbia and Al berta, in the Queen Elizabeth Islands, and in Ontario . 

lnteresting resu lts have been obtained in palaeomagnetic measurements of rock 
samples from the Silurian Bloomsburg red beds, in a study of deformation of the great 
bend in the Appalachians which occurs in Pennsylvania. Unusuall y strong and stable 
secondary magnetizations have been acqui red during t he Appalachian orogeny, and 
disentang ling the magnetic history of these rocks presents a challenging prob lem. 

GRAVITY 

Direct evidence about the earth 's crust and upper mantle is obtained from measure
ments of gravity . The particular contribution of gravity lies in the discovery and mapping 
of mass distributions within t he earth. Gravity surveying is both rapid and relatively 
inexpensive as a geophysical aid to the understanding of the surface geology and the 
deep structure of the continents. The Branch 's regiona l gravity-mapping program, 
wh ich includes gravimeter measurements over the continental shelves and inland 
waters, has been acce lerated so that current ly about 8,000 observations, spaced at 
eigh t-mile intervals, are added year ly, covering an area of some 300,000 square miles. 
1 n 1965 g ravity field investigations were carried out both in southern Canada and in 
the A rct ic reg ions using helicopter and fixed-wi ng-aircraft transportat ion, as fo ll ows: 

(1) A reg ional gravity investigation of the Precambr ian areas of northern 
M anitoba was completed between latitudes 54°N and 60°N and included a 
detailed study of the boundary of the Churchill-Superior geological prov
inces. 

(2) Field observations were comp leted for a geophysical study of basic intrusions 
in the Stoney Rapids area of northern Saskatchewan. T his investigation is 
bei ng carried out in cooperation with t he Department of Mi ne ra i Resourcr.s 
of the Province of Saskatchewan. 

(3) As part of the Polar Continental She lf Project, gravity measurements were 
made in Somerset and Prince of W ales islands in a study of the Boothia 
Arch and neighbouri ng sedimentary basi ns. 

(4) The Branch 's investigation of a northerly-trending anomal y be lt in northern 
Ontario known as the Kapuskasing Gravity H igh was continued with detai led 
investigations over a number of alka l ine intrusions which lie near the axis 
of the gravity high. Regional gravity measurements were made also to 
delineate the southern extension of this be lt. 

(5) An outstanding achievement was the comp letion of a reconnaissance gravity 
survey of Hudson Bay. Sorne 800 underwater gravity measurements were 
obtained along selected traverses during the Department 's cooperative 
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oceanographic and geophysical investigation of H udson Bay during the 
summer of 1965. 

Excellent progress has been made in structural interpretation and in theoretical 
studies to evaluate and develop methods of quantitative analysis of gravity data. Crustal 
studies using gravity data were completed for the Alexandria area of southern Ontario, 
for Lake Superior, for the Muskox Ultrabasic Intrusion in the Northwest T erritories, 
for an extensive area of Que bec and Laborador, and for the Island of Newfoundland. A 
number of difficu lt problems have been solved, which will facilitate application of 
gravity methods to structural studies of mountainous areas, to problems of isostasy and 
geodesy. 

The Observatory continued its study of ancient meteorite craters by structura l and 
topographie surveys, geophysical techniques, diamond drilling and laboratory analyses 
of drill-core and surface samples. l n the laboratory, installation of new equipment was 
essentially completed with the addition of mineral-separation, diffractometer, and 
photomicrographie units. Field investigations were carried out at Pilot and Nicholson 
Lake in the Northwest T erritories, and diamond-drilling programs at the Deep Bay 
crater in northern Saskatchewan and at West H awk Lake in Manitoba. 

The Branch continued its work of previous years to maintain gravity standards in 
Canada and to contri bute to the international prog ram of establ ishi ng a world network 
of first-order grav ity-contro l stations, as recommended by the 1 nternational Union of 
Geodesy and Geophysics. A series of preci se measurements were made at nine control 
points extending over the latitude range of Canada between M ontreal, Que ., and Alert, 
N .W .T. Long-range gravity ties were made to connect this line of contro l stations with 
the European Gravity Contro l Network. 

Research in the development of gravity-measuring devices continued. A program 
to measure the gravitational effect of earth tides has been initiated as a contribution 
to the Upper Mant le Project. 

DOMIN I ON ASTROPHYSICAL OBSERVATORY 

T he studies of the Observatory continued in 1965 with some shift of emphasis as proj 
ects were completed, and new work begun, on current astronomical problems. T he 
work, generally speaking, is undertaken to advance our knowledge and understanding 
of the phys ical nature of heavenly bodies, their origin and evo lution, and of the natural 
laws prevai l ing outside the earth. T he Observatory's chief ro le in this task is to make 
observations of the distances, motions and masses of stars, of the chemical and physical 
properties of the atmospheres of stars and planets, and of the material between the 
stars . Origina l observations are made mainl y with spectroscopes attached to the 72-
inch and 48-inch reflecting tel escopes. 

Observations were made on 175 nights with the 72-inch telescope and on 168 
nights with the 48-inch te lescope, resu lting in a total of 1,910 photographs of ste ll ar and 
planetary spectra. T hese photographs are subjected to measurement by special instru
ments and devices to yield the data of interest. M uch of this equipment is unique and 
is designed and bui lt in the Observatory shops, as are improved optical and mechan ical 
auxiliaries to the te lescopes. 

During the year new data were acquired on the chemical composition of stellar 
material as revealed by spectroscopie studies . Anomalous abundances of several ele
ments, e.g., hydrogen, carbon, l ithium , strontium, etc., were found to exist in certain 
stars. T hese results are believed to have a connect ion with the evolutionary processes. 
Studies were made of the optical properties of the dust and gas in interstellar space, 
giving some information on the composition of the material. Sizes and masses of some 
stars were determined throug h observation and analysis of their orbital motions. 
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A group of rapid ly varying hig h-temperature stars was observed intensively, and 
a long accumulation of such observation was analyzed. Th ese abjects were shown to 
have a special signi ficance in t he study of ste llar evolution, because of their short 
periods of variat ion . 

Distances to some 700 distant high-temperature stars were determined as the 
resu lt of a long program of observation. T hese data together with star velocities formed 
the basis of a determination of the rotation of our galaxy and the distribution of stars 
in the sun 's neighbourhood. 

Sorne 26,000 persans visited the Observatory, 3,768 persans attended 36 public 
observation periods and 34 educational and study groups were given special tou rs of 
the Observatory. Astronomical information was supplied to meteorolog ical and airport 
authorities, and a large volume of enquiries from business firms, the public, and the 
news services was received and answered 
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Geographical Branch 

The work of the Geographical Branch has two object ives: systemati c research in 
geography, and specific research aimed directly at serving present national needs and 
future national development. T he first objective is typified by the geomorphological 
and glaciological studies being carried out in the Canadian A rctic and by the theoret
ical studies being made in the field of economic geography. Examples of the second 
objective are the many projects undertaken at the request, and with the cooperation, 
of such government agencies as the Agricu ltura l Rehabilitation and Development 
Act (ARDA), the Emergency M easures Organization (EMO), the Atlantic Develop
ment Board (ADB) and the St. Lawrence Seaway Authority. 

ln recognition of the need for a national approach to the direction of geog raphical 
research in Canada, and in order to make the best use of available geographical 
talent and facilities, the National Adv isory Committee on Geographical Research, 
for which pl ans had been made in 1964, was formall y established by Order-in
Council on 14 April 1965 (P.C. 1965-693). On 5 November 1965 it held its first 
meeting which was addressed by the Assistant Deputy M inister of the Department 
of Mines and T echnical Surveys. The membership of the committee, which may be 
expanded as need arises, wi ll represent not onl y the geography faculties of Canadian 
universities but also government departments whose needs and interests are re lated 
to geographical research and to agencies and commercia l concerns outside the 
federal government. Grants-in-aid to the value of $25,000 will be awarded in 1966 on 
the recommendation of this committee for the purpose of promoting geographic 
research in Canada. 

Considerable reorganization was effected during 1965 in the Adm inistration 
Section of the Branch in order that it might serve more adequate ly the demands 
resulting from actual and projected increases in staff and from expanded research. 

The Geograph ica l Bull etin, the major pub lication of the Branch, was put on a 
quarter ly basis and its format complete ly reorganized. A sma!I scientific editing 
group was attached to the Administration Section to facilitate the handling of papers 
for the Bulletin, and an editorial board was estab l ished to which material may be 
referred before publication. The board wi ll consist of 12 senior scienlists from uni
versiti es and government agencies in Canada, United States and the United King
dom, each a recognized authority in his fie ld. 

T he book and map l ibraries were amalgamated at t he administrat ive level. ln 
view of the increasing emphasis now being placed on the Canadian aspect of the 
work being done, t he large collection of fore ign topographie maps former ly co llecled 
by the Branch was transferred to the Public A rchives of Canada. A li Canadian maps 
and foreign special maps have been retained. 

T he Data Analysis and Computer Programming Section was formally estab li shed 
with in the Administration Section to serve t he growing needs of economic and 
physical geographical research. 

The research program in glaciology and geomorphology, planned as part of 
Canada's contribut ion to the 1 nternational Hydrological Decade, was active ly carried 
forward by fie ld parties during the summer. H owever, with the estab l ishment of the 
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Water Research Branch in 1965, part of the glaciological program and personnel of 
the Geographical Branch wi l l be transferred to it early in 1966. Excepted from this 
transfer will be the considerable glaciological program already under way in the 
Arct ic. 

ln addition to maintaining close l iaison with t he university geography facu lties 
in Canada throughout the year, the Branch employed some sixty graduate and under
graduate geography students during the summer in field and office projects. Eight 
faculty members from geography departments in Canada, England and H ol land were 
temporari ly taken on strength for work on short-term research programs. Three 
special projects requested by the Emergency Measures Organization (EMO) were 
contracted to faculty members in Canadian universities. 

PHYSICAL GEOGRAPHY 

The 1965 research was the most extensive this division has yet undertaken, with major 
fie ld projects under way in Baffin Island, the Cordilleran region of southern Brit ish 
Columbia and Alberta, the Cypress Hills area of Al berta, and in the Mackenzie Delta. 

Baffi n Island 
This was the fifth consecutive summer in which field work was carried out on 

Baffin Island by the Branch . Awooden building was erected at lnugsuin Fiord to serve 
as a permanent field base, providing office, storage and accommodation. The 1965 
Baffin Island team tota lled 28 geographers and assistants. 

M ass balance studies of the Barnes lce Cap were continued and were also ex
panded to include work on the southern lobe. Hydro logical and geomorphological studies 
of a glacial meltwater stream were continued for the third summer at Lewis River. A 
detailed mass balance study of a small mountain glacier near t he lnugsuin base camp 
was initiated as part of the Branch contribution to the International H ydrological 
Decade. Geomorphological observations were made along Clyde Fiord, the Clyde River 
valley and in the vicinity of Generator Lake. Two field parties carried out extensive 
studies of late-glacial moraines and marine features on the west coast of Baffin Island, 
and three parties made similar studies on the east coast. 1 n the former area, emphasis 
was on the glacial geomorphology of the outer coast with particular stress on the old 
deposits of the area. Shells from some of the beds studied have been dated as more 
than 50,000 years old. 

Cordilleran Region 
The second part of the Branch contribution to the 1 nternational H yd ro log ica l 

Decade is being undertaken in this area of southern British Columbia and Alberta. 
Permanent huts were erected at three glaciers to facilitate future work, and a field 
party of seven geographers and assistants began detailed mass-balance studies on three 
small glaciers and collected additional data on one other. A l i these glaciers lie along a 
profile extending from the maritime slopes of the Coast Mountains in British Columbia 
to the arid eastern flanks of the Rocky M ountains in Alberta. Detailed studies of 
accumulation and ablation have been completed for the three glaciers and will be 
related to discharge measurements being made for the relevant meltwater streams and 
to meteorological records made on the glacier as well as those available from the 
M eteoro logical Service, Department of T ransport. Sediment transportation of these 
meltwater streams is also being studied. Plans for future operations include studies of 
the glacial geomorphological processes evident in each area. 
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Cypress Hills, Alta. 
This new research project places particular emphasis at present on the study of 

late-glacial deposits in this area of southeastern Alberta and on their periglacial features . 
Observations were also made of the summit surface of the hi li s, with special reference 
to the soil types and their distribution . Reconnaissance was completed for a study to be 
initiated in 1966 on the microclimatology of the area, and future plans include re search 
into both the economic and historical geography of the region. The 1965 party totalled 
nine geographers and assistants. 

Mackenzie River and Delta 
Observations of the pattern of ice break-up were again made on the Mackenzie 

River in May and June, and detailed studies of geomorphological f eatures and proc
esses evident on the islands along the northern fringe of the delta were continued. 

Channels of t he Arctic Archipelago 
Mapping of types and dist ribution of sea ice in the channels of the Queen Elizabeth 

Islands was continued in cooperation with the Polar Continental Shelf Project. 

Heaidquarters Projects 
Severa! studies not involving field work were carried out in Ottawa. These include, 

(1) a study of the heat budget of part of the St. Lawrence Seaway, undertaken in co
operation with the St. Lawrence Seaway Authority; (2) the compilation and publication 
of a map of glacier distribution in southern British Columbia and Alberta. 

l n addition, the following studies, involving computer programming or the use of 
the facilities of the newly expanded Geographical Branch geomorphological laboratory, 
were completed: (1) a study of till-fabric data; (2) a study of tide-gauge data; (3) an 
analysis of run-off in the Canadian drainage basins; (4) a study of the distribution of 
cirques and cirque glaciers in Labrador. 

ECONOM IC GEOG RAPHY 
ARDA Projects 

Land-use surveys, initiated in 1963 at the request of the Agricultural Re habilitation 
and Deve lopment Act (ARDA) and carried out in close cooperation with its administra
tion, continued during 1965. The project is now two-thirds completed, and forms part 
of activities of the Eco nomie Geography Division. Under existing arrangements, manu
script land-use maps of six provinces (Ontario, Quebec and the M aritime Provinces) 
are being compiled by the Branch on a scale of 1 :50,000. For the three western provinces 
a similar survey is being undertaken by the geography departments of the universit i es 
of Saskatchewan and Alberta, Spartan Ai r Services and the British Columbia Depart
ment of Ag riculture , with the Geographical Branch acting as general coordinator of the 
proj ect. 1 n ail cases the mapping is based on air-photo inte rpretation supplemented by 
checking in the field. 

ln eastern Nova Sco tia a land-use project- involving research on farm conso l ida
tion , woodlot development, shoreline studies and tourist and recreational possibi l ities
is being conducted by the Branch at the request of ARDA. 

T he economic survey of the forestry and fishery resources of the west coast of the 
Great Northern Peninsula of Newfoundland, initi ated in 1964, was comp leted during 
1965. 

Prairie Railway Rationalization Impact Study 
This project, initiated in 1964 to examine on a theoretical basis the economic and 

social effects which might result from the abandon ment of selected rail lines, continued 
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to make progress during 1965 and drew support not only from the three originally 
interested federal departments but also from an ever-wldening field of users and of 
contr ibutors of the informat ion . These now include: the federa l Departments of Agri
culture , Transport, lndustry, Trade and Commerce; certain provinci al planning agen
cies; the Prair ie grain companies; the railway companies and the econom ics and geog
rap hy departments of practically every Canadian university. Eighteen of the proposed 
100 maps have been completed and the data gathered are being subjected to computer 
analysis to provide answers to the wide range of queries and prob lems which may result 
from the rationalization program. 

EMO Project 
The study of the physical characteristics and land-use practices in 14 major Cana

dian cities, initiated in 1963 at the request of the Emergency Measures Organization 
(EM O), continued in 1965. Work on the Vancouver section was completed and the maps 
pub l ished (see Regional Geography), compilation of the field -work data already 
gathered for the map series of Toronto and Montreal continued, and the surveys of 
Wi ndsor and Ottawa, the fourth and fifth cities in the program ,were comp leted . lnforma
tion is being compiled for reproduction on maps on a scale of 1 :25,000. M aps and data 
are made avai lable to ail agencies to whom they may be of value and have already been 
used by planning and research agencies at the provincial, municipal and urban levels 
in those cities for which survey work is already completed. 

Other Project:s 
Further programs continued du ring the year include : (1) a study, which has 

received support from the National H arbours Board, on the origin and destination of 

foreign freight routed through Halifax, N.S., and St. John, N.B. ; (2) a study of the 
pattern of migration from the farms in the Prairi e Provinces; (3) a study of land-use 
patterns in the N iagara Peninsula; (4) a study, made at the request of the At lantic 
Development Board, of trad e centres and trade areas in the Atlantic Provinces; (5) the 
preparation of a resou rces map of the Atlantic Provinces at the request of the At lantic 
Provinces Economie Council. 

l n cooperation with the Department of lndustry a computer mapping program has 
been initiated by which industrial statistics will be projected directly onto base maps 
and from which analyses of the industrial structure of Canada can be made . 

T wo land-use studies for which the field work has been completed and manuscripts 
are nearing completion deal with the rural area covered by Renfrew Coun ty, Ontario , 
and the urban-rural comp lex of the Ottawa region . 

TOPONYMY DIVISION 

T he T oponymy Di vision, which is responsib le for investigation of the origin, usage and 
propriety of ail geographical names in Canada, maintains name records and advises 
the Canadian Permanent Committee on Geographical Names on matters of nomencla
ture. l t is also respon sible for advising on geographical terminology and for the produc
tion and maintenance of the Gazetteer of Canada. 

During 1965, the Division investigated nearly 24,000 names, of which 2,500 new 
names were officially approved. The nomenclature was verified for 370 map-sheets, and 
more than 580 inquiries concerning geographical names or terms from members of the 
Committee, the mapping agencies, other government departments and the general 
pub l ic were answered. Progress continued on the Gazetteer of Newfoundland. T he 
New Brunswick and Al berta Gazetteers were reprinted. A revision of the Gazetteer 
of British Columbia was almost completed by the end of the year and, in collaborat ion 
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with the province, considerable progress was made on the Gazetteer of Que bec. Supple
ments to the Gazetteer of Canada were issued at regular intervals. A report on the 
names of Renfrew County, Ontario , was completed and field work conducted elsewhere 
in eastern Ontario. 

The Canadian Permanent Committee on Geographical Names at its meeting in 
Ottawa in October was addressed by the executive secretary of the United States Board 
on Geographic Names. Du ring the year, the Committee approved the naming of features 
for Sir Winston Churchill, President John F. Kennedy, General W illiam Booth (foun
der of the Salvation A rmy), and Superintendent H enry A. Larsen, RCMP. 

REGIONAL GEOGRAPHY 

The name of this division was changed in 1965 from Cartography Division to Division 
of Regional Geography in order to give recognition to the amount of geographical re
search involved in its present major project, the compilation and publication of the 1967 
At las of Canada, and in future projects of regional geography. The division comprises 
two sections: t he Research Section and the Cartographie Section, the latter responsible 
for ail cartography originating in the Branch. 

Atlas of Canada 
Base maps for the at las were prepared, manuscripts for about one-third of the atlas 

maps were compiled, and arrangements were made for the collection of most of the 
data sti ll required. 

Urban Characteristics of Major Canadian Cities 
T his project is being handled by the Branch on contract from the Emergency M ea

sures Organi zation, and collection of the materia l required for the maps is being handled 
by the Division of Economie Geography. The Vancouver section of the project, which 
comprises 32 maps, was completed in 1965 with the printing of the final 23 multicolour 
maps on a scale of 1 :25,000. Compil ation was begun on material collected for the 62 
maps which will comprise the T oronto series. 

Prairie Railway Rationalization Program 
T his project calls for about 100 maps in colour, of wh ich 18 were compiled and 

printed in 1965, whi le the remainder were in various stages of compilation and repro
duction. 

Varied Projects 
Du ring 1965 a total of 44 multicolour maps were completed, printing of these maps 

being done by the Surveys and M apping Branch. 
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