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Abstraet 

Aeria1 surveys of sea iee in the Canadian 
Aretie Arehipelago have been made by the Polar 
Continental She1f Projeet during the summers from 
1961 t 0 1966. The types of ie e and their distri­
bution are deseribed. The patterns of break-up, 
freeze-up and movemen tare emphasized. The area 
of iee imported into and exported from the region 
is ea1cu1ated for 1962, 1964 and 1966 and the 
conditions for 1966, eonsidered to be a typiea1 
year, are deseribed in detai1. There was a net 
export of iee during the summer of 1966 equa1 to 
1ess than 1% of the iee eover at the beginning 
of the season. Further investigations of iee 
eonditicns are suggested. The greatest need is 
for more quantitative measurements and for this 
an airborne deviee to measure iee thiekness must 
be deve1oped. 
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CHAPTER l 

INTRODUCTION 

Aims 
The distribution of the various types of sea ice 

found in the Canadian Arctic Archipelago is presented and 

described in this dis ser,ta'ti on. 

The descriptions are mainly based on informat ion 

collected from aerial Bea ice reconnaissance surveys conducted 

br the author during the summer s between 1964 and 1966. 

Additional information from other sources is included 

because sea j.ce observations have been made from the time 

when early explorers pitted their wooden ships and skill 

against the ice up to the present 111Jhen steel-clad ice-breakers 

and large aircr<..;.ft are nsed to observe and map the vagarie s 

of sea ice. 

The bulk of the background information as weIl as the 

metho:ls of colle ci.:,ing dat.a are given in the first two 

cha pters. Spe cific descriptions of the patterns of break-up 

movement, freeze-up and a number of rnaps are presented in 

chapters three and four to show the dist.ribution and the 

magnitude of sea ice fluctuHticms in the ~ueen Elizabeth 

Islands. Chapter four includes a gene raI ITHass Balance Tf of 

the sea ic e found in the ar'3::l. An evc,luation of the study as 

vvell as suggestions for further investigations of a more 
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Area Studied 
Although the 'ti tle suggests that the Canadian Arcti c 

Archipelago is the area to be c0l1sideI'8d, t'he actual area 

is shown on the reference map (Fig. 1). The boundary on 
2 

this map encloses approximfi,tely 1!l15,700 km of potentially 

ice covered sea water. This area is smaller than Davis 
2 

St rait (738,100 km ) and more than six time s smaller than 

the Arctic Ocean \>Jhi ch has an area of nearly h.6 million 
2 

km • 

Importance of Investigation 
This study provides basic geographic information 

regarding the general trends and dist.ributions of sea ice 

'''Ihich is of primary importance for the development of the 

Canadian Arctic. In addition this informaticn may be used 

in conjunction with heat balance studies for more accurate 

forecasts of sea ice conditions. 

Tl~ansportation 
- It ls apparent that vast reserves of petroleum may 

be s tored bene ath the surface of the Canadian Arctic. In 

order to develop this resource, supplies and equipment must 

be transported to the Arctic and the crude oil must be moved 

from the area. Sea-borne transportation is necessary but 

the presence of sea ice rnakes surface navigation hazardous. 

Various m<.:.;thods have been suggested to cope with the 

sea ice problem. A special type of plough which is attached 

to the bow of vessels navigating in ice has been design8 d bu t 
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its ability to plo .... J through thick sea ice has not been 

determined. Hovercraft have been successfully tested 

on sea ice but no hovercraft has been built which is 

large enough to e conomically tran sport large quan titie s 

of bulk ma ter ials • It may be pos si ble to us e large 

aircraft to transport resourC·3S fro:n parts of the Arcti c 

made inaccessible by sea ice. However, the rnethod of 

transportation vlhich aV,Jids c'Jntact 1,.üth ,'3ea ice and 

1119. kè s use of the water beneath the ice cover may provide 

the best solution • 

. The U .S. atomic submarin8 'Nautilus' succeeded in 

na Vi gating under the ice to the top of the world by 

Augus t 3, 1958. Since tha t date a nuenb er of submarine s 

have travelled considerable disté-.. ülCb8 beùt1~tl1 the sea ice. 

In the fall of 1960 the U.S. submarine 'Dragon' traversed 

the North West Passage. 

No matter 111}hich method is used to transport the 

resources of t118 Can&dial1 Arcti. c: a kno"il'Iledge of sea ice 

condi tion sis ne ce ssary. For example, the concentration 

and the type s of sea ice must be provided for SlU' face 

vessels and 1t8hicles, rl.nd t.h<; ;:treas of open water must be 

surveyed for the use of underwater vessels. A knoi-'Jledge of 

the distribution pressure ridges is required for hovercraft 

and the thickne 55 and the roughne ss are demanded by pilots 

) 
wishing to use the sea iCB as a landing strip. Sorne of 

this informat ion can be forecast on the basis of past E3(3;~ 
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ice surveys, but these S8a i ce 1"8 connaissance mis sions 

must be continued so that models and more accurate 

predictions of sea ice conditi.ol1s can be made. 

Forecasting 
rJ.Iany areas of the Canadian Arctic Archipelago support 

sin'lilar sea ice cove1"s but there are as many ,1101"e areas 

which have not been investigated. For example very little 

iD knovm about the average dates of consolidation of the 

sea ice cover in the straits and channels of the Archipelago. 

It is hoped that orbiting spacecraft with advanced sensing 

eçuiprllent can be int.egrated with com:ruters holding historical 

record~ so tllat accurate fo1"ecasts of sea ice distributions 

Cé.m be made. Until such time as orbiting spacecraft can be 

used, sea ice data vvill b8 collected by the traditional 

airborne 1"econnaissanc e mis sions • 

Histori c Observations 
Men have been attracted to the Arctic for various 

reasons. Each expedition into arctic waters must conteintl 

with sea ice. As a result the sea ice conditions are 

mentioned in the journals and reports of most arctic explore1"s 

and scientists. 

1·;'any sailing vessels hael come in contact with ice in 

Canadian Arctic seas but the first deep penetration into the 

Archipelago was made in 1820 (Par1"Y, 1821). In the fall of 

that yea1", Captain vI • .ï~. Parry piloted his small sailing ship 

through Lancaster Sound, Barrow Strait and Viscount l\.Telville 
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Sound. He could not pene"l:irate into j\'jf Clure Strai t due to 

unfavourable ice conditions and wasobliged to spend the 

winter at Winter Harbour (Fig. 1) on the southern coast of 

lllIel ville Island. After Parry, many forays were made in to 

Arcti c waters espe ci ally during the search for Sir John 

Franklin' s expedit ion. The j ournals of the se explorers 

are weIl laced wi th references to sea ice con di tions. 

Most of these historical references (up to 1905) were 

collected and put on file cards by the Geographical Branch 

of Canada (Fraser, 1952). By the end of August 1951 

a pproximately 2700 reference s had been made. I\1any, if no t 

aIl, of these references can be interpreted and restated in 

the sea ice terminology used today and these historical 

references may be used ta supplement present data. 

Interest in Arctic exploration waned after the fate 

of Sir John Franklin and his men had been determined. However, 

explorations like that conducted by Sverdrup, and expeditions 

by Peary and Cook refocused attention on the Arctic. Interest 

was given an additional boost when the 'Gjoa' was sailed from 

the Atlantic to the Pacific through the straits and channels 

of the Archipelago. 

Soon after the 'Gjoa' had made headlines, CBptain 

J 'i' • .c.. Bernier began the era of scientific expeditions. He was 
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sent to explore the Canadian Arctic by the Canadian 

Government. A considerable amount of sea ice information 

may be had from the log and publication resulting from 

this expedition (Bernier 1910). 

During the 1920's and 1930's the Arctic received 

very little physical attention althou.gh the politicians in 

the south were attempting to secure the Archipelago for 

Canada. Their claim that the islands north of the mainland 

belonged té Canada meant that permanent settlements had to 

be maintall1ed in the area and R.C.M.P. posts were established 

. on so me of the islands. The sea ice observat ions gleaned 

from the brief and impersonal reports from these posts 

provide important clues to the distribution patterns. The 

era of the R.C.M.P. in the Arctic continues today but it 

reached its apex when Sergeant Ho A. Larsen piloted the 

'St. Roch' from west to east and from east to west through 

the Archipelago (Larsen, 1947). 

TvlJO ye ars after the 'St. Hoch' made he r return tri p 

through the Archipelago a U.S. ice-breaker reached vVinter 

Harbour thereby mat ching the feat of Parry, Kellett, Bernier 

and Larsen. 

Hecent Observations 
Although the ice-breaker reached Win ter Harbour in 

19l~6 without the aid of sea ice reconnaissance flights more 

emphasis was placed on the importance of sea ice surveys and 



forecasts. In order to obtain sea ice information the 

R.C.A.F. began to fly ice reconnaissance missions in 

1947 using American observer:::.. These flights were the 

first specific sea ice reconnaissance flights carried out 

to aid vessels attempting to penetrate the waters of the 

Canadian Arctic Archipelago. 

American Observations 
The U.S.A.F. began to collect sea ice information in 

1946 when B-29 Superfortl"ess aircraft flew ovel" the Arctic 

Ocean. The number of these tPtarmigan t flights was increased 

in 1947 and it was in the spring of that year when Target X, 

an ice island subsequen tly na med T-l, was sighted. By 1951 

the D.S.A.F. wa.s sending daily flights to the North Pole 

and othe r areas of the polar ocean. It was not until 1951 

and 1952 when sea ice presented a hazard tà the Thule 

resuf'~Jy convoys that U.S. sea ice reconnaissance came 

into its own. rEhe U.S. Havy Oceanographic Office comtrlenced 

an ice obeervtng é1nd reporting programme in the Arctic 

in 1952. During the period between 1952 and 1957 the D.S. 

flights obtained periodic coverage of the sea ice conditions 

in the Canadian Arctic. The findings of the U.S. ice 

reconnaissance f1ights began to appear in pub1ished form 

after 1953. (u .S. Navy Hydrographie Office 1953-1959 and 

D.S. Navy Oceanographic Office 1962-1965). The D.S. Navy 
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Oceanographie Office initi ated ' Bird' sEye' i ce 

reconnaissance flights over the Arctic Basin in March 

1962 and these flights occasionally provided sea ice data 

fo r the aréa~ fringing the Archipelago. 

Ca.'1adian Observat ions 
Beginning with the 1957 summer season the responsibility 

for carrying out sea ice reconnaissance in the Cané'dian 

sector of the Arctic was left to the Basic Vieather Division 

of the Meteorological Branch. In 1957 the observations 

were madeby Meteorologie al Brànch personnel from aircraft 

supplied by the R.C.A.F. The first publication of sea ice 

informat ion came t1I'JO ye ars later (Meteorologie al Branch, 

1959). Between 1957 and 1960 the Meteorological Branch 

continued to expand its sea ice reconnaissance programme 

in the Canadian Arctic. Even with this expanded programme 

the sea ice conditions insome parts of the Archipelago distant 

from the regular shipping 1anes were not observed. 

In an attempt to survey the se relati valy inaccessible 

areas, the P.C.S.P. (Polar Continental Shelf Project) 

initiated, and has continued a systematic programme of sea 

ice reconnaissance since 1961 (Black, 1961, 1963a, b, c, 

1965 and Lindsay 1964, 1965, 1966). Like those of the 

TJieteorological Branch the P.C.S.P. sea ice surveys have 

continued to expand until at the present time nearly aIl 

of thE:: straits and channels in the Canadian Arctic 

Archipelago are surveyed by one group or the other. 
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P.C. S. P. Investigation s 
Of the three groups which collect sea ice information 

relating to the area chosen for this study, the sea ice surveys 

made by the P.C.S.P. are the most mean.ingful. Data collected 

for the P.C.S.P. sea ice programme includes the nature, 

distribution and movement of seC! 'lce, the time of formation 

and decay, the relief and the general drift of ice in the 

channels of the Archipelago. The P.C.S.P. ice surveys are 

carri ed ou t from the beginning of the me lt season until 

freeze-up or unti 1 darkness limits the range of the air craft. 

In addition to its own aerial observations the P.C.S.P. 

makes use of the data colle cted by the other groups in order 

to ftlaintain and augment a complete file of sea ice 

information. 

Logistic Support 
Most of the sea ice information collected in the 

Canadian Arctic results from surveys made by observers 

riding in multiple engine aircraft. The exception to' this 

is the information gath6red from observers on the ice_breakers 

and those observations made from shore stations. The greater 

part of' the data presented in the following text l'las collected 

from a tvJÏn engine Beechcraft lÈ" al though sorne ob servations 

were made from an 'Otter', a DG-3, a Bristol Freighter, a 

DC-4 and other type s of air craft. ~ach of the se air craft 

was designed and built for tasks other than moving an ice 

observer' about. The visi bili ty afforded to the observer 

varies greéltly from aircraft to aircraft. Bach has specifie 
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merits such as the low airspeed in the 'Otter', the long 

range of the DC-) and DC-4, and good lateral vision 

(one side) from the Bristol. But it is the Beechcraft 

which allows the greatest visibility for the ice observer. 

The cockpit of this aircraft is narrow and allows the 

observer a good view from the port as weIl as the starboard 

side. The windscreen is relati vely large wi th few 

obstructi ons made by the supports or the nose of the 

aircraft. Ice ob servat ions from the Beechcraft are 

restricted by the 't'Iings and the engines which are located 

just below and behind the cockpit. These two factors 

restrict lateral and rear vision considerably. Although 

these drawbacks ex.i. st they are adequate1y compensated for 

by the forward visi on and the 10w costs of chartering and 

maintaining such an aircraft for sea ice observations in 

the Arctic. 

From 1961 to 196) Isachsen on Ellef Ringnes Island 

was the main base for the P.C.S.P. sea ice reconnaissance 

programme. After 196) the base was moved to I,1ou1d Bayon 

Prince Patrick Island and it was from this base that the 

writer carried out the programme during three summer 

seasons 1964, 1965 and 1966. 

Although Mould Bay served as the main base from 

late June until early October there were a number of other 

Arctic stati ons used for refueling st ops and for overnight 

accolnmodc.t :i.on. In order of the frequen cy visi ted the se 



stations were Resolute, Eureka, Isachsen, Alert, 

Cambridge Bay and Sachs Harbour. Usually the visits to 

these stati ons were just long enough to refuel the air­

craft and give the personnel on board a chance to eat. 

However the weather sometimes made it necessary to 

remain in one pla ce for a number of d ays. 

Pro cedure For Ice Reconnaissance FliCThts o 

The procedures followed for the sea ice programme 

remained relClti vely constant during the various field 

seasons. A number of flights, usually nine or ten, are 

planned for each summer season. During each flight an 

attempt is made to coyer the whole survey area or at least 

the parts of the survey area where disintegration, movement 

or regenerati on are most prevalent. The flight sare 

scheduled so thatcomplete coverage of the area cau be 

made every 10-12 days in the early part of the summer. 

Thi s in terval gradua11y decreases to allow coverage every 

4-5 days in the la tter part of the Arctic summer. 

Unfortunately for the sea ice programme and the various 

personnel dependin.s on the ice reconnaissance aircraft 

for transportation, the schedule means very litt1e once 

fie1i conditions are experien ced.. The schedule usua 11y 

becomes ineffecti ve artel" a fevv l"Jeeks due to thl3 vagétr':i.üs 

o.f the weather and other factors \t'lhich affect air transport 

in the Arctic. Ideally, each flight requires approximatiely 
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35 hours of flying time to cover the necessary areas. 

Each flight is broken dov-m into a number of traeks. The 

number of tracks made for each flight varies eonsiderably 

in aecordance 1tJith the tirne of the season and the weather. 

Even though the weather is the main factor whieh controls 

the number of flights and tracks eompleted, there are a 

number of miner factors su ch ars unservi ceable airstr:tps 

and airc:caft ;1aint enance pro bleP1s. The combinati on of aIl 

. theseinfluences can seriously restrict the sea iee 

re coni-lais ~F~nç e pl'ogra,;liTI2 and Table l, while en ti t led Re cord 

of P.C.S.P. Sea Ice Heconnaissance Flights, (1961-1966) could 

be entitled The Effects of an Arctic Climete on Sea Ice 

Reconnais sane e Flight s. Table l reveals that the hours 

devoted to each fli.::ht jncrease from the end of June until 

the latter part of August after~.Jhich tim,=: th,~ number of hours 

decline. This variation is attributed to the weather improving 

tov'!ard j,1idsunu10r anc1 then deteriorating in the autumn. In 

addition to the colder weather, the longer periods of darkness 

in the latter part of the season have a C0J1S-U':';r'0.b18 effect 

on a V.F.R. (Visuel Flight liules) ice reconnaissance operation. 

The hours record8d under each flight on Table l represent the 

&mount of tir'1e devoted to sjDeeifie ice reconnaissance flights. 

However, it l,lIJas the general poli cy (at ~eaE:t from 1964 to 1966) 

that the ice observer accompëJ1y any P.C:S.P. aircrc1ft flying 

ovel' éir'e2:3 not generally covered. In addi tion to extra 



informa. ti on collected in the ab ove fashion the pilots 

or interested scientists returning from flights over sea 

ice would (if requested) make a few observations 

concerning the general ice conditions. The total hours given 

at the bottom of Table l sr~ow the expansion of the sea 

ice reconnaissance programme sinee its inception. It is 

believed that the 306 hours recorded in 1966 between June 2 

and October 10 will approach the maximum flying tirrewhich 

can be completed during an average sea ice reconnaissance 

sumlner sea~;on usin6 the procedures and equipment provided 

by the P.C.S.P. 

The choice of the spe cific tracks fbwn during each 

flight depended on the weather, whether or not an area had 

been recently surveyed and the committents made for the 

aircraft. For exanople, if men or supplies had to be moved 

from Reso lute to Mould Bay and the weather was cle ar, a 

survey could be made of southern Parry Channel, mid-parry 

Channel or northern Parry Channel. If these areas had been 

surveyed the day before and little change in the sea ice 

condi tions was expected the route chosen would probably 

include coverage of Penny Strait, Desbarats Strait, Hazen 

Strai t and so on to Mould Bay. It was no t always feasib le 

to combine sea ice flights with routine support flights 

but the two were integrated as much as possible. A record of 

the arGas covered during specifie P.C.S.P. sea ice reconnaissance 
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TABLE 1 

RECORD OF P.C.S.P. SEA ICE R~CONNAISSANC8 FLIGH1S 
(1961-1966) 

Flight 
No. 1961 1962 1963 1964 1965 1966 

A 

1 

June 2-10 
28.2 hrs 

June Ju.ne June June June 
21-23 21-24 21-?5 2)-2$ 19-30 
25.4 hr 34.7 hr 24.6 hr 24.7 hr 39.3 hr 

2 June Ju1y July Ju1y July July 
26-30 5-6 4-9 7-15 5-7 4-10 
18.1 hr 24.9 hr 33.7 hr 36.8 hr 24.8 br 26.8 hr 

3 Ju1y July July Ju1y 24 July July 
25-28 . 17-21' 18-20 Aug. 8 16-22 17-23 
23.6 hr 26.7 hr 32.2 hr 21.2 hr 29.9 hr 33.2 hr 

4 Ju1y August Aug. 23 August August July 29 
30 4-5 Sept. 2 10-13 3-12 Aug. Il 
5.9 hr 23.4 hr 41.3 ru~ 30.0 hr 35.0 hr 31.2 hr 

5 August Aug.26 Sept. August August August 
3-5 Sept. 5 10-15 18-23 14-23 15-31 
Il.8 br 34.7 hr 26.5 br 20.2 hr 43.8 hr 52.2 br 

6 August Sept. Sept. Sept. Aug. 28 Sept. 
11-12 24-29 28-30 2-5 Sept. 3 3-7 
14.0 hr 27.4 hr 25.0 hr 18.4 hr 16.3 hr 22.0 hr 

7 

9 

Total 

August 
27 
3.9 hr 

Sept. 
6-[~ 

15.4 hr 

Sept. 
19-23 
8.7 hr 

hours 106 

Sept. Sept. Sept. 
15-24 13-22 16-25 
10.0 hr 21.4 br 35.7 hr 

Sept. Sept.28 Sept. 27 
26-29 Oct. 4 Oct. 4 
18.8 hI' 25.9 hr ~-9.2 hr 

193.4 lElo 

October 
6-10 
lS r -5 hr 

221.8 306 
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flights from 1961 to 1966 is included as Appendix I. 

System Used To Collect Information 

The methods used by various agencies conducting 

sea ice surveys are basically the same. First observers 

are chosen, then they are given training and sent off in 

airplanes to make observations. The author became 

involved wi th a sea ice programme in the early spring of 

1961l- and the initial training involved the study of various 

sea ice reports and other articles written on the subject. 

With the conclusion of the academic year spe cific .instructions 

were given concerning the types of ice, as \'lel1 as a basic 

introduction to air navigation. The observations were 

recorded on 1:1,000,000 H.A.C. Charts (\tlorld Aeronautical 

Charts) and navigation was based on the same map. Near 

land, navigation was not difficult as V.F .R. conditions 

existed. However during surveys at s ome distance from 

land recourS8 was made to the dead reckoning navigation 

system. This system requires a knowledge of the T.A.S. 

(True Air Speed) and the heading of the aircraft. There 

are a number of factors which mus t be considered for accurate 

aerial navigation. For examp1e in order to estimate the 

wind shifts which may occur whi1e flying from one area to 

another the isobaric maps have to be checked before taking 

off. The gyro compasses are affected if a large nUll1ber of 

meridians are crossed during on6 track. In addition, gyros 
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pre cess and recess so that periodic sun shots must be 

made to reset these instruments. The fluctuations in the 

weak horizontal component of the magne tic force vector 

make the magnetic compass useless especially in the 

region of the magnetic pole. Besides the airspeed 

indicators, the gyros and the altimeters, the A.D.F. 

(Aerial Direction Finder) was used for navigation. The 

ice reconnaissance aircraft was not equipped with radar, 

Doppler, Tacan or other sophisticated navigation aids 

though a Decca navigation system was used in some areas 

during the early portions of the survey seasons. 

Generally the observer recorded the sea ice 

data while sitting in the right hand seat of the cockpit. 

Some observations have been made from the cabin. In the 

latter case a seat was chosen from which the observer 

could get a good view of the ice and the instrument panel. 

Survey5 were carried out from altitudes ranging from a 

few tens of feet to Il,000 feet. The level flown at 

depended large1y on the cloud ceiling. Altitudes near 

2000 feet, were chosen when surveying sea ice which was 

pa rticularl y difficul t to id en tif Y • 

A1though the airspeed was varied for specific 

reasons it was generally maintained at about 170 miles per 

hour or approximate1y 150 knots. The range and endurance 
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of each track depended on the vJeather, altit.ude, 10Cl.d 

and pilot. With clear weather, little wind, no load and 

a conscientious pilot the aircraft could stay airborne 

for a maximum of fi ve and one half hours. During this 

time about 800 line miles of sea ice could be observed. AlI 

the above conditions seldom existed at one time. As a 

result, the average time on each trél.ck was slightly 

niore than 3~ hours. which means approxima tely 525 statute 

adJ es per track. 

It is relatively easy to give an average number of 

li ne miles per track but the extent of vision varies 

greatly. For example, from 10,000 feet on a clear day 

with the sun at the proper angle it :LS possiblE; to get 

a good idea of the types and dis tri bution of the sea ice 

10 miles on either side of the aircraft. If the type of 

ice i s already kn own a much vnder sweep can be made from 

10,000 feet. On the other hand. "V'lhen the reconnaissance 

aircraft is restricted to lower altitudes it is sometimes 

barely possible to see straight down to the ice. The 

conditions affecting visibility varied considerably 

throughout the flights and could change rapidly during 

each track. These fluctuations were allowed for both in 

colle ct:i..ng and redu cing the data. 

The time period between observ&tions made during 

each track varied \1i th the concentration, the number of 
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types of ice, the air speed, the visibility and the scale 

of the plotting map. Under normal circumstances one 

observation was recorded every five minutes on a W.A.C. 

Chart when the altitude was about 4000 feet and the air 

speed about 170 miles per hour. When visibility and 

altitude were reduced, at least two, and sometime s three 

observations were recorded every five minutes. In sorne 

areas such as Penny Strait and Queens Channel the air speed 

was reduced in order to plot the many boundaries and ice types. 

Sometimes the observations were complicated by the presence 

of an ice type which was difficult to classify. In these 

instances, the location was noted and a picture was taken 

from the F-24 camera mounted in the nose of the aircraft • 

. Later, while reducing the data into its final form the 

pictures could be referred to if the problem had not been 

resolved before then. 

Although weather problems such as wind, fog, icing 

conditions, cold, darkness and the distance between weather 

stations affect the sea ice reconnaissance programme to the 

greatest degree, the mechanical problems of the aircraft and 

the type of pilot must be considered. During the summers from 

1964 to 1966 few mechanical problems hampered the operation 

and pilot interest and cooperation was very good. 
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CLASSIFICAT ION AND MAPPlNÇ! 

Classifi cation 
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There aremany organizations which conduct sea ice 

surveys besides the three North American groups. Although 

the basic reasons for these surveys are similar, the 

terminology used varies from country to country. As a 

result, the W.M.O. (World Meteorological Drganization) 

ha s endeavoured to standardize the sys tem of sea ic e 

classificat ion 0 In addition the W .M. O. has attempted to 

develop standard methods of recording and transmitting sea 

ice information. These are difficult tasks but they are 

necessary, especially in the description of ice for the use 

of ships in international waters. 

The methods used to classify and present sea ice 

information which are described in this chapter are not 

completely compatible wi th the W.M.D. system because they 

were not devised for tactical or real time transmission to 

surface vessels navigating in sea ice. The follawing 

description illustrates the system and methods used by 

the P.C.S.P. to record the ice conditions in that part of 

the Canadian Arctic Archipelago previously defined (Fig. 1) 

as the study area. 

Type s of Sea lc e 

There are a number of variables which must be 
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recorded during any sea ice survey. The main features which 

must be noted are the types and conc.ent:r.ations of ice. The 

three main types of sea ice, young, winter and polar, are 

age dependent. This means that polar ice is older than 

winter ice and winter ice isolder than young ice. Each 

main type is made up of sub-type sand each of these may be 

modified by subsequent freezing, melting or morphologic 

changes. The concentration or coverage of the various types, 

the floe size, the amount of open water and the boundaries 

must also be recorded in order to present a complete picture 

of the sea ice conditions. There are additional variables 

such as thickness which should be recorded but an airborne 

sensor for thickness measurements has not yet been perfected. 

The following informaticn explainsfigure $, the 

legends on the sea ice maps given in the next charter and the 

maps in Appendix II. 

Young Ice 
This type includes aIl newly-formed sea ice up to 

about 30 cm in thickness or until the ice cover roses its 

black and moist appearance. Young ice may have a number of 

sub-types. Slush ice is one of the primary forms of young 

ice and it usually adds a greyish tinge to the normally black 

sea water. Sludge or slob ice is formed as slush ice becomes 

more concentrated. Sludge is whiter and less homogeneous than 

slush and the wave patterns are visible in both these sub-types. 
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Very young ice can be distinguished from the previous forms 

because it is easily broken up by waves. The thickness of 

very young ice varies but usually remains within the five cm 

range. Additional sub-types of young ice such as frazil ice, 

grease ice, ice rind, nilas, and pancake ice (Armstrong, 1966), 

may occur but usually they do not remain in existence for more 

than a few days. It is important to record the sub-types of 

young ice because they indicate the temperature of the sea 

water. 

Win ter Ice 
This type of ice cornes into existence once the young 

ice cover exceeds 30 cm in thickness. Winter ice is usually 

dark green in co lour. If \<dn ter ice for ne d in the Archipelago 

is not completely ablated one year after its formation the ice 

is referred to as Winter
2

• The 2 denotes a sub-type of greenish­

blue winter ice more than one year old. Usually winter ice is 

quite smooth with the exception of the relief caused by snow 

drifts and occasional pressure ridges. As this ice undergoes 

ablation the relief is accentuated because the troughs of the 

snow drifts form puddles while the crests of the drifts protect 

the ice beneath from ablation. Thus ice which becomes winter2 

is considerably rougher than the original winter ice. Although 
. 2 most of the roughne ss on W1.nter ice is a result of differential 

deposition and melting, sorne roughness is a result of pressure 

ridging. 

Polar Ice 
This ice forms only on the Arctic Ocean but it may 
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drift into the Archipelagoto mix wi th the other types. Sea 

ice designated as polar is usually more than two years old 

and blue in colour. Unlike the ice in the Archipelago, the 

polar pack continues to move throughout the entire year. The 

great pressures exerted on individual floes caught in this 

perpetual movement causes the ice to crack, raft, and ridge 

to form sea ice of great thicknesso The ridges and hummocks 

on polar ice dwarf similar features found on winter2 ice. 

Polar ice undergoes ablation during the summer months and the 

relief is subdued but because of the size of the features 

prior to ablation the resulting relief is still.considerable. 

Very old polar ice is sometimes referred to as polar2 ice. 

Relationship Between Winter and Polar Ice 
Polar ice may enter the Archipelago through one of the 

northern channels such as Nansen Sound, Sverdrup Channel, Peary 

Channel, Prince Gustaf Adolf Sea or M'Clure Strait. For the 

first few years it is possible to separate the sub-types by 

means of colours but they are usually differentiated on 

the basis of surface roughness because the relief of winter2 

ice does not seem to be as irregular nor as massive as that on 

polar2 ice. 

After the two sub-types have existed together for two 

or more years in the same part of the Archipelago it is very 

difficult to distinguish poar2 from winter2 ice because 
2 polar ice continues to lose its relief through successive 



O·

',:' 
, , ' 

(
,-, 

",) 
1,,' .,' 
'\.:: ... 

2 
a.blation reasons while the relief of winter ice is 

accentuated. Of course this pro cess does not continue 

until winter2 ice attains a great relief but it does 

continue to the point where the similarities between the 

two sub-types (colour, thickness, r9ughness and salinity) 
2 . 2 make it almost impossible to separate polar from w1nter 

ice. 

Although this si tüati on exi sts in sorne areas of 

the Archipelago such as Hecla and Griper Bay the movements 

and subsequent ablation and disappearance of these old 

sub-types considerably reduces the problem of differentiation. 

Pictorial Description of Sea Ice Types 
The following photographs show the main types 

of sea ice and sorne of their associated features. 

• 1 

_ J 

Figure 2 Winter ice and shallow sheet puddling 
on Viscount Melville Sound. June 27, 
1966. Altitude approximately 2000 
feet. Win ter Harbour is in the 
background. 
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Figure 3 Old sea ice on Hecla and Griper Bay just 
east of McCormick Inlet. July 24, 1964. 
Altitude approximately 2000 feet. 

Figure 4 Polar ice front west of,Houghton Head, 
Prince Patrick Island. August 4, 1965. 
Altitude approocimately 1100 feet. 
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" . 

Shel ving and young ic e in the middle of 
Crozier Channel. September 28, 1966. 
Altitude approximately 3000 feet. 

Figure 6 Ice island moving through Hell Gate. 
October l~ 19650 
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Features Common To Sea Ice 
There are many features which are cornrnon to aIl 

types of sea ice and most of these can be identified during 

aerial surveys of ice conditions. 

Puddles 
At first puddles are formed on the surface of the 

ice from melted snow. Later in the season they are supplied 

with water from the ablation of the ice surface itself. When 

first formed each puddle may be a separate unit but as the 

ablation season progresses most become linked in a system 

whic h drains tcm ard a crack or sorne ot he r opening in the 

ic e cover. Generally Pl ddles form in elongated strings 

between the snaw drifts on winter ice. However on winter 2 

or polar ice the puddles tend to become wider and more 

rounded while maintaining their basic elongated shape. 

Usually puddles reach their greatest" extent, up 

to 70~~ of the ice surface in a particular area, during the 

first quarter of the niel t season. Thi s làrge areal extent 

is a resul t of rapid melting which occurs before the water 

on the surface of the ice has found a drainage channel to the 

sea. Once this channel is fo rmed the area of the sea ice 

covered ,'\Iith water suddenly decreases to about 35%. This 

area is maintained for sorne time thereafter because the 

puddles increase their dept~ as the outlet spillway is eroded. 

TcnrJard the latter part of the season the percentage 

of the area covered by puddles decreases further because less 
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water is provided by a bla ti on to fi 11 t he puddles and 

drainage channels. 

Although puddle sare gene rally elongated, she et 

puddling is an important exception. As the name implies, 

a cons iderable area of the sea ice surface is completely 

covered by a large usually shallow pool of melt water. 

A shallow type of sheet puddling may occur on level winter 

ice which had a uniform snow cover and which had undergone 

litt le or no ridging. Shallow sheet puddling may be caused 

by the rapid melting of the surface snow accompanied by 

rainfall. The sha llow type of sheet puddling seldom 

remains on the sur face for more than a few days. This 

ty}-"8 of puddl e is uniq ue in i t s rapid forma ti on an,d equally 

rapid disappearance. A deeper tyr:e of sheet puddling 

may form on ice which is surrounded by older and roughcr sea 

ice. In this case the mel t water formed in si tu from the 

ablation of the snow is augmented by rneltwater from the 

surrounding ice. In Prince Gustaf Adolf Sea this type of 

puddle may remain for an entire summer season. 

Rot ten Ice 
After a certain amount of insolation a puddle may 

melt through the ice and merge with the underlying sea 

water. From the air the puddles which have 'burned' through 

the ice can be distinguished because they appear blackwhile 

ordinary puddles maintain a dark blue colour. In order to 

classify an area of sea ice as rotten a considerable number 

of puddles must have 'burned' through the ice. Rotten ice 



indicates a decrease in the thickness of the surrounding 

ice and reduces the. strength of the ice to the point. where 

a relatively small dynamic force will Shatter the entire 

ice field. Although sorne of the puddles on a consolidated 

ice cover may have 'burned' through, the sea ice between 

the puddles is usually more than one meter thick. Rotten 

ice rarely account s for more than 20% of the total ice 

cover of any area. 

Brash Ice 
Once a consolidated ice cover containing rotten ice 

has broken up the remaining fragments a:ce difficult to classify 

because they are so small and featul~eless. In this instance 

the pLeces of ice may be referred to as brash. This term also 

applies to small pieces of ice wreckage approximately two 

meters across which are formed during other physical 

processes. For example, brash usually occurs after ice floes 

impinge against one anot her and particularly when ice floe s 

are jostled together along an ice edge. Periodically strings 

of brash ice are formed due to wind action. 

Glimmer Ice 
As its name suggests, this type of ice may reflect 

light rays like a mirror. Glimmer ice forms on puddle s. 

Usually this fresh-water ice is covered with snow shortly after 

its formation but its presence may be detected, under a light 

snow cover, by the dark slush line around the edge of the former 

puddle. 
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Sea Ice Forms Resulting From Dynamic Pro cesses 
When two ice floes come together, the sea ice in 

the impact area' is usuaIIy cracked and crumpled. Most of 

the relief found on ice covers is a consequence of this 

process although some relief may result from puddling. The 

thickness and momentum of the floes involved in a collision 

determine the height of the ridges both above and below the 

water level. If two floes of different thickness collide, 

the thinner or weaker flow will suffer the greatest loss 

of area. If two floes of similar thickne ss come together 

similar areas will be lost and uniform ridges will be 

formed. 

Shelving or Rafting 
Shelving or rafting occurs almost without exception 

on young ice. Shel ving is readily identified from the air 

because the overridden areas appear light grey in contrast 

to the black appearance of young ice. Two forms of shelving 

may result from the movements of young ice. The first is 

the common shelving or rafting where a portion of one young 

ice floe partially overrides an adjoining floe just as one 

card lying on a table can be slid over another. The second 

form termed finger rafting is more spectacular. It oCCurS 

as theedge of one floe alternately overrides and dips 

under the opposing floe. 

Ridging 
The relief features ',resulting from the ridging process 
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may form as rapidly as those of shelving but they are 

larger and remain visible longer than the features caused 

by shel ving. Ridging is usually restricted to winter and 

polar types of sea ice wi th periodic appearances in young 

)1. 

ice which approaches )0 cm in thiclmess. Ridging results 

when ice floes are subjected to pressures greater than the 

crushing strength of the participating floes. The width, 

height and length of a ridge depends on the thicID1ess, type 

and momentum of the colliding floes. Ttere are many 

historic descriptions of the loud noises accompanying 

the se pro cesses and of t te great chunks of ice whic h may' 

be haphazardly piled on one another during the formation' 

of a pressure ridge. Although pressure ridge formation may 

be very rapid and noisy, other ridges form slowly with little 

noise. No matter how a pressure ridge forms it creates a 

very tortuous surface which greatly hinders surface travel 

over sea ice. The pieces of ice making up a pressure ridge 

vary in size from very fine flour-like ice to huge chunks 

weighing many hundreds of tons. 

Immediately after pressure ridges are formed 

the ele vated pieces are not strongly bonded together. 

If the ice floes which caused the ridge are separated 

from one anotbe r befo re the ridge can consolidate, the 

elevated pie ces not piled on the adjacent floes may 
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return to the sea to be refrozen into the icesurface. 

No average height for pressure ridges can be given 

because very few have beenmeasured. Probably the first 

large scale me asuring of pressure ridge height s will be 

made in March 1968 when the 'Bird's Eye' sea ice 

reconnaissance programme tests a laser profiler. 

Bummock 
This term was recently introduced· (Armstrong, 1966). 

Bummocks are the subsurface continuation of pressure ridges. 

Nuclear submarines travelling under the Arctic Ocean ice 

pack have used a sonar operated 'ice machine' to co~tinuously 

record the se subsurface undula tions. Indeed submarine s 

rely on this 'ice machinc'to avoid bummocks and to find 

patches of thin ic e or sky lights weak enough for them to 

break through to the surface. 

Hummock 
A hummock is a pressure ridge which has undergone at 

least one complete ablation season. For example a pressure 

ridge formed in late May which is ablated during June, July, 

and August may be termed a hummock after continuous 

freezing conditions preval.l in late September. A hummock 

may have considerable relief after one ablation season but 

it is more rounded than the pressure ridge from which it 

formed. The relief of a hummock is gradually reduced 

during successive ablation aeasons until it approximates 
2 

that formed on winter ice. 
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Ice Forms: Land-Origin 
AlI the forms discussed in this section at one 

time rested on land or were attached to the shore of sorne 

land masse Generally, with the exception of ice islands, 

aIl the forms of floating or drifting ice which can be 

grouped within these limits are called icebergs. 

Icebergs 
The members of this group come into existence when 

chunks of ice calved (broken off) from a glacier or split 

off from an existing iceberg. The features common to 

icebergs are weIl knuwn and need not be repeated at this 

time but there are twa smaller members of the group which 

will be described. 

The smallest member is usually called a gro\'ller. 

This form may be entirely awash. Associated with growlers are 

bergy bits. These forms are slightly larger than growlers. 

Usuallya bergy bit is less than ten meters across and less 

than ten meters protrudes above sea level. In most cases it 

is assumed that both of these forms originated from, or are 

the remains of, an iceberg. The smaller the bergy bit 

becomes, the harder it is ta determine its origine For 

example, growlers and small bergy bits' may he the remnants 

o~ hummocks or they may be fragments of ice islands. There 

is no definite method which an airborne observer can use to 

as certain the parent of growlers of bergy bits but a good 

estimate can be made. If these forms are found in an area 

\'lhere icebergs are common i t i s likely tha t they were forme d 
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from icebergs. If the pieces are found in the proximity 

of ice island s then the se masses were probably the progeni­

tors. On· the other hand if growlers and bergy bits appear 

where no·icebergs or ice is+ands are common it might be 

correctly concluded that they are thè remains of massive 

hummocks. 

Ice Islands 
Ice islands are a form of tabular iceberg. They 

are only found in arctic waters. These masses form as a 

part of an ice shelf and become ice islands when the shalf 

breaks and sets them adrift. Ice islands are characterized 

by their uniform undulating surface and by their thickness. 

A number of ice islands have been traced during the routine 

P.C.S.P. sea ice reconnaissance flights. Figure 7 and 

Table 2 which accompanies the figure show the drift of 

the Ward Hunt group of ice islands between 1963 and· 1967. 

As revealed by figure 7 the movements of ice islands show 

the relati ve drift of sea ice and this property will be 

referred to in the folloWing chapter. 

Description of Cartographie Procedures 

Boundaries 
Sometimes one type of ice is distinctly separate from 

another but in most cases there is a zone where the two 

types merge together. There are four types of boundaries 

used on the fo llowing ma ps. Only three of these are 

represented in the legend because the fourth boundary is 
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shown on the map by the limits of certain graphie patterns. 

Polar Ice Front 
The polar ice front represents the boundary between 

the moving sea ice of the polar basin and the consolidated or 

unmoving ice which covers the straits and channels of the 

Archipelago 8 U sually this boundary is accen tuated by a 

high concentration of pressure ridges along its length. 

Usually a solid heavy black line is drawn on the map to 

show the polar ice front. 

Common Boundary Line 
This relatively thin solid black line is used on 

the maps to show the li mit of two different types of ice or 

to show the limits for specifie concentrations of the sarne 

kind of ice. The thin solid black line is the most common 

boundary on the maps and it may occur any place in the 

Archipelago or the Arctic Ocean. 

Assumed Boundary Line 
The thin broken black line is used on the maps when 

the observer cannot get an overall view of the ice conditions. 

The broken line is used to delimit areas where it is assumed 

that no change has occurred between flights. For instance, 

the boundary between the winter and polar ice in Hassel Sound 

remained in the sarne place for at least four seasons. If 

this sound were surveyed during flight number one and again 

during flight number four and the sarne boundary was observed 

each time a dotted boundary would be put on the maps representing 

flights two and three while solid boundary lines would appear 
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\1.\RD HUlIT ICE ISLr.IIDS LOCATEO OURrNG P.C.S.P. SE~. ICE FL!GHTS* 

) REF;:R!':NCÈ FLIGIIT NO. Dr.TE "ND NOO OF ICE ISL!J/D LOCATIOll 
llUMBER "''ID Y<:!.R MONTlI LATITUDE LO:/GITUDE 

1 1-63 24/6 "Joan" poasibly WJI-3 81°40' 92°45' 
2 1-63 24/6 "Juno" possibly W11-4 81°34' 93°20' 

3 2-63 4/7 "Joan" pODolbly W11-3 81°38' 92°55' 

4 2-63 4/7 "June" posslbly W11-4 81°34' 93°45' 

5 3-63 19/7 QJoan" posolbly WII-3 81°20' 95°34' 
6 3-63 19/7 "June" p09s1bly WJI-4 81°12' 95°45' 
7 4-63 30/8 "Joan" pooslbly W11-3 80°52' 96°12' 
8 4-63 30/8 "June" poaoibly W11-4 80°43' 97°00' 

9 5-63 10/9 "Joan" poosibly W11-3 80°?6' 104°40' 
10 5-63 10/9 "Juno" posoibly W11-4 80°17' 103°15' 

11 1-64 24/6 Pooslbly W11-4 79°45' 102°15' 

12 2-64 13/7 Pooolbly i/H-3 79°43' 102°15' 

13 2-64 13/7 Possibly W11-4 79°45' 102°45' 

14 5"64 19/8 Pooslbly W11-2 80°35' 98°20' 

15 6-64 5/9 Poosibl,y WJI-3 79°43' 103°10' 
16 6-64 5/9 Dofinltoly '..m-4 79°48' 103°40' 
17 8-64 27/9 Posslbly W11-3 79°1,2' 103°15' 
18 8-64 27/9 Poasibly Wn-4 79°30' 104°25' 

19 2-65 7/7 O"finltoly W11-4 78°54' 1ll005' 

20 3-65 18/7 Ilofinltely W11-3 79°06' 109°45' 
21 3-65 18/7 DefJlIltely W11-4 78°54' 110°45' 

22 4-65 4/8 Dofinltely WJI-2 80°12' 100°30' 
23 4-65 4/8 Definlte17 WJI-l 79°23' 107°20' 
24 4-65 4/8 Oofinltoly W11-3 79°10' 108°50' 

25 4-65 4/0 Dofinitoly WJI-4 78°58' 110°25' 
26 6-65 1/9 Poosibly W11-2 80°13' 100°30' 
27 6-65 1/9 Dofinitoly W11-3 79°07' 108°58' 
28 6-65 1/9 Dofinitely W11-4 78°56' 110°05' 
29 7-65 20/9 . Dofinitoly W11-2 80°18' 101°18' 

30 8-65 4/10 Oofinitoly W11-3 78°55' 110°25' 
31 8-65 4/10 DofWtoly W11-4 78°46' 112°15' 
32 -66 19/5 Dofinitoly W11-4 77°57' 117°20' 

33 A-66 3/6 Dofinitely WJI-l 78°25' 114°50' 

34 A-66 3/6 Dofinltoly W11-3 78°11' 115°55' 
35 A-66 3/6 Dofinltoly '..t!1-4 77°49' 117°50' 
36 1-66 19/6 Dofinitoly W11-2 80°10' 101°20' 

37 1-66 19/6 Oefinitely t1H-l 78°57' 113°05' 
38 1-66 19/6 Definltel,y W11-3 78°28' 114°38' 
39 1-66 19/6 Definitely W11-4 77°49' 117°40' 
40 4-66 29/7 Ilofinitely WII-l 78°40' 113°50' 

41 4-66 29/7 Dofinltoly 10111-3 78°36' 114°50' 

42 6-66 3/9 iJofinitely ;.nl-l 77°52' 117°30' 

43 6-66 3/9 Definltoly '..m-3 77.°20' 120°40' 

44 6-66 3/9 Definitoly ;.n1-4 76°39' 123°40' 

45 7-66 16/9 Dofi:lltoly ;.n1-4 76°25' 124°55' 
46 7-66 25/9 Definltoly WII-1 77°35' 120°55' 
47 7-66 25/9 Definltoly W11-3 76°59' 124°48' 
48 7-66 25/9 Definltely 1/11-4 76°27' 126°25' 

49 A-67 25/3 Dofinltoly WII-l 74°48' 124°15' 
50 A-67 25/3 Probably WlI-3 73°45' 128°15' 
51 -67 12/8 Dofinitoly WlI-l 74°55' 122°10' 
52 -67 6/10 Dofinitoly WJI-l 74°30' 123°35' 

* Locllt1~na botlloon 24/6/63 !l/ld 10/9/63 lIore rooordAd by li •. ~. Black. Locntiona 2/./6/64 to 
25/3/67 lIora rocordod by tho~uthor elCcopt for 19/5/66 IIhon Soorgo Burry (0 pilot for 

) p.e.s.p.) Innded on WlI-l and loft ten empty 45 gallon gas drums. Subsoquont oightin(ls 
Cafter 12/8/67} lIero mado bv W.J. Soifert. 
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on maps one and four. Generally the broken boundary lines 

are used only when sorne con crete evidenee is avai lable. 

Periodieally a broken line was used to represent the 

limits of visibili ty when a traek \'las made over open 

water. 

Limit ofVisibility 
The last type of boundary (whieh is not a line) 

is formed by the edge of a graphie pattern on the map. 

For example on Flight No. 9, 1961 (Fig. 9) the edges of 

the graphie patterns show the limit of visibili ty and 

suggest that similar sea ice extends beyond this limite 

Graphie Patterns 
Thê~n~entration or eoverage and the three main 

types of sea iee are represented by twelve different 

graphie patterns. 

ICE CONCENTRATION ICE COVERAGE 

0.5 to 0.8' ..... 

0.8to La' ., .. 

1.0 (no wate.)· .. 

See Figure 8. This figure or legend is 

ICE TYPES 

SI Slush 

Sg Siudge, slob 

Vy Very young Ice 

G Glimmer 

y Young ice 

ICE FORMS 

_ Shelving 

" Pressure ridgcs 

J\. Hummacks 

OW Open wator, pOlynla 

_ Known Boundary 

___ Assumed 80undary 

u Surface puddles __ Polar jce front 

... Growler, bergy bit 

~~~j~~~~~ 

Type. . . . . . .. polar winter young 

W \Vinter Ice 

W2 Wintcr ice 

P Pohu ice_ 

• Iceberg, small berg 

CONCENTRATION BV SIZE 

Example 9' 

621 

6 tenths 01 slush, brash and block 

2 tenths of small and medium flaes 

1 tenth of giant floes and field 

Figure 8 

R Rolten ice 

l:; Ice island floes 

~ Patches or bands 

-- Strings 

S Snow cover 
CONCENTRATION OF ICE 
YYPES- ANO FORM5 

W S A 
Example ïii "9 '3 

81· w:r=-' ~;:::-: 17·---- .-- --~~lii _~== 
~ 10 tenths 01 surlace winter ice 

~ 9 tenths 01 surlace snow covered 

o 25 50 75 100 125 miles (approx.) !J. 3 tenths 01 surlace pressure ridged 
J 

Legend For Sea Iee Maps 
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found on aIl the major maps and this sarne cartographie 

system is used to represent sea ice conditions on maps too 

small to have a detailed legend (Appendix II). 

Patterns Representing Concentrations 
The graphie patterns vary in density from those 

of a closely spaced type used to represent polar ice, to the 

. wider spacEd patterns representing winter ice and finally to 

the widest pattern which is used to represent young ice. 

The densi ty of the grap hic patterns decrease s wi th a 

corresponding decrease in the concentration and the patterns 

have been arranged so that the various concentrations of 

each of the three types of ice are shown by similar patterns 

(Fig. 8). For exarnple a cro ssed line screen is used to show 

a solid cover of polar, winter, or young ice. The patterns 

rernain the sarne, only the density of the pattern changes. Thus 

any area of the map covered with the crossed line screen 

represents an area where the ice cover was solid or 

consolidated. Similar patterns are used to show concentrations; 

from eight to ten tenths (diagonal lines) five to eight 

tenths (vertical lines) and from one to five tenths (broken 

diagonal line s) • 

It is possible to use a greater number of graphic 

patterns to shcw the concentrations than the four subdi. visions 

arbi trarily ch osen for this study. The concentrations from 

one to fi ve tenths are brought to gether to form one pattern 



because most vessels will attempt to navigate through 

this amount of sea ice. Of course the type of ice has 

a bearing on navigability and it is assumed that most 

captains, if given a choice, would rather contest a 

40. 

five tenths concentration of young ice than a similar 

amount of polar ice. The second concentration which 

ranges between fi ve and eight tenths prevents most vessels 

not escorted or reinfor ced vessels from moving. However 

some ice-strengthened vessels which have extra power, 

are able to penetrate the young and winter concentrations in 

this range. Ice-breakers can navigate in the five to eight 

tenths concentration but if the concentration is entirely 

polar ice they wi Il have diffi cult Y • The third 

concentration ranges from eight to ten tenths. The 

most powerful ice-breakers can traverse young iee, 

winter iee and, "ll\]ith diffi cult Y , polar ice "ln]}-,en i t is 

concentrated to this degree. Ordinary vessels cannot 

navigate through any type of ice when this concentration 

exists but sorne specially equipped vessels of the 'Dari' 

class may be able to force their way through young ice 

under these conditions. The final concentration pattern 

representing ten tenths (no water) indicates that the entire 

ice cover is completely solid or consolidated. Few ships 

except ice-breakers will attempt to penetrate a solid ice 

cover. The most powerful can be completely stopped by 
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this amount of polar ice. However the large ice-breakers 

like the'John A. MacDonald'will attempt to break through a 

solid field of win ter ice if it has sorne rotten areas. A 

solid con c en trati on 0 f young ic e usu.ally doe s not inhibi t 

ice-breakers, but may do so if the young ice freezes to 

the hull of the vessel. 

There is an addi tional concentration or lack of 

concentration which ranges from less than one tenth to 

no ice at aIl. When this situation occurs the letters OW 

are inserted on the ma p to designate areas of open water. 

Of course aIl Ships will be able to navigate in this 

concentration but the normal surface vessel will have to 

reduce speed if pie ces of sea ice appear. 

Patterns Representing Ice Types 
It is difficult to graphically represent the three 

types of sea ice which exist in one area by one graphie 

pattern. The graphie pattern to be used is determined by 

the concentration of the predominant type of ice. If an 

ice cover is made up of three tenths of polar ice, four 

tenths of winter ice and three tenths of young ice, the 

polar type of graphie pattern (closely spaced lines) will 

be used on the map. In other words, a concentration of 

three tenths or more of polar ice in an ice field is 

represented on' the map by the polar pattern. A similar 

situation exists for the graphie representation of winter 
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ice. If an ice cover con sists of three ten ths winter, 

five tenths young, and two tenths polar ice the winter 

pattern is used on the map. Similarly if three tenths 

is young, two t~nths winter, and two tenths polar ice, 

the young ice pattern is chosen. 

Occasionally conditions exist where two tenths 

of polar, two tenths of winter and two tenths of young 

sea ice make up the c·oncentration of one ice field. In 

this case the polar pattern is used. However if there 

were two tenths of winter ice, one tenth of polar ice and 

two tenths of young ice mixed together the winter pattern 

would prevail. 

In order to make the graphic patterns representing 

the various types of sea ice stand out, various colours 

are used. A red shaded area signifies that more than three 

ten ths of the concentrati on is polar ice. Similarly a 

blue colour superimposed on the graphic pattern indicates 

that at least three tenths of the ice cover is winter ice 

and less than three tenths is polar ice. A green colour 

indicates that young ice covers at least three ten ths of 

the sea ice in a particular area while polar and winter 

ice each have a concentration of two tenths or less. 

Fractions 

The specific types and concentrations are shown on 



43. 

the map by fractions which interrupt the appropriate 

graphie pattern. The system used in this case represents 

floe size by means of the denominator of a fraction. 

Floe Size 
As indicated by the denominator of the fraction 

at the bottom left hand corner of the legend, (Fig. 8) 

the concentration of sea ice by floe size is shown by 

three separate numbers. This system is independent of 

ice type. The first number (6) designates the concentration 

of the smallest floes as brash ice. Most of these masses 

would fi t into an ordinary ro om. The next range of floe 

sizes represented by the two in the denominator, includes 

the small and medium sized chunks of sea ice. This category 

includes'all floes larger than those of the first category 

up to floes with an area approximating 40 km2• The final 

category represented by one in the denominator includes 
2 

floes larger than 40 km. The sizes shawn in the denominator 

are always recorded in the same sequence from left to right. 

For example, if figures such as 621 occur in the denominator 

they signify that six tenths of the ice cover are small floes, 

two tenths are medium floes and one tenth are giant floes. 

A sol id or consolidated ice field is indicated when the 

denominator reads 0010. 

Sample Fraction 
The following fraction is only an example because 

it is very unlikely that aIl the terms given below could 
" 
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exist in an area at the same time. This fraction 
,. 

represents the order or sequence of fractions which is 

Sl §g 
1 1 

~I\N ""S UR G 
021'23293 22 

used on a11 sea ice maps that fo11ow. The 1etters 

representing the various ice types making up the first 

of the fraction are described in the 1egend (Fig. 8) and 

the denominators indicate the tenths of the area covered 

by each type of ice. The second section of the fraction 

consists of a numerator (9) which gives the overal1 

concentration of sea ice in tenths, and the denominator 

which has been described in the preceeding paragraphe The 

signifi cance of the nume rators. in the third secti on of 

the fraction are exp1ained in the legend and the denominators 

indicate the distribution of each in tenths. 

There are a number of additiona1 subt1eties which 

are inc1uded in various fractions. For examp1e the numerator 

of the fraction representing the concentration is the 

sum of the ice type denominators. If the fraction denoting 

the concentration has a numerator of 10 and a denominator 

of Ol9 it indicates that sea ice comp1etely covers the 

surface and shows that the cover is cracked and probab1y 

moving. Occasional1y, in order t 0 provide more detailed 

informati on, greater or le ss than signs are used before 
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the numerator of the concentration fraction or with 

the denominator of the fraction denoting the ice types. 

Data Redu cti on 
The original field information is collected and 

placed on a work or field sheet with a scale 1:1,000,000 

or less. It is cartographically impossible from the 

standpoint of reproduction to produce maps of that size 

and then reduce them to a legible size which would fit 

into an ordinary publication. As a result the data on 

the field sheets is reduced by one third or more and 

placed on master copies with a scale of approximately 

1:4,000,000. These master copies are completed by 

drafting the various fractions, patterns and symbols 

and the maps are reduced photographically. The final 

scale of the Mercator projections showing the sea ice 

distribution in the Queen Elizabeth Islands approximates 

1:12,000,000. 



CHAPTER 3 

GENERAL PATTERNS AND THE PROGRESSION OF BREAK-UP 
AND FREEZE-UP 

Introdu ction 
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The procedures and techniques described in the 

foregoing chapt ers were used to collect a considerable 

amount of sea ice information. Between 1961 and 1966 

fourty-eight different maps showing the distribution 

of sea ice in the Queen Elizabeth Islands were made. The 

following description is based on the information shown on 

these maps. Although each of the maps is important only 

six will be given in this chapter. These maps were selected 

because they represent the ice var~ations which may occur 

in different years just before freeze-up. Twenty-eight 

additional maps show the ice distribution in the areas of 

Northern Ellesmere Island, M'Clintock Channel, and the 

Beaufort Sea. An example of each of these smaller maps as 

weIl as a list of aIl the maps made by the P.C.S.P. is given 

in Appendix II. 

A number of general accounts of the sea ice distribu­

tion in the Canadian Arctic have been published in the 

pasto For example, the "Pilot of Arctic Canada" (Hydrographie 

Service, 1959, 1960 and 1961) describes the ice conditions 

as they were known in the late fifties. The "Ice Atlas of 

Arctic Canada" (Swithinbank, 1960) contains the historic 

data up to 1958 and Black, (1957, 1958, 1959 and 1961a) 
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collected data in the eastern Arctic from an ice-breaker 

during the summers of 1956, '5'1, '58 and 1960. Although 

this information and that collected by the Meteorological 

Branch is useful practically no regular sea ice reconnaissance 

sur veys were carried out over the Queen Elizabeth Islands 

until the P.C.S.P. began ma king observations in 1961. The 

sea ice data collected by the R.C.S.P. in 1961 (Black, 

1961b) was not processed beyond the field rnap stage until 

the present author compiled the material. The 1962 sea ice 

conditions in the Queen Elizabeth Islands were well 

described, (Black, 1965). Preliminary reports were written 

to describe the 1963 ice conditions in the area (Black, 

1963a and b) but the maps (Black, 1963c) remain to be 

published. Similarly, unpublished maps describing the 

summer ice conditions in the Queen Elizabeth Islands are 

available for 1964, 1965 and 1966 (Lindsay, 1964, 1965 and 

1966). In addition to the information col1ected by the 

P.C.S.P. the sea ice reconnaissance flights conducted by 

the Meteorological Branch (Department of Transport, 1960 

·through 1965) periodica11y pr ovided additiona1 coverage of 

some parts of the Queen Elizabeth Islands. 

The first portion of this chapter will show the 

general trends of the sea ice distribution in the Queen Eliza­

beth Islands during the summers between 1961 and 1966 
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inclusive. One map for each year will be introduced 

to portray the annua1 variations in the ice cover and the 

type of ice year will be indicated. The remainder of the 

chapter will de scribe the usual progression of break-up 

and freeze-up in the area. 

General Patterns 
1961 

The fol1owing account is a summary of unpublished 

material collected by Black (1961b). 

By the end of June 1961 very little ice movement had 

occurred in the Queen Elizabeth Islands. The polar ice 

front stretched unbroken from M'Clure Strait along the 

western coasts of the islands fronting on the Arctic 

Ocean and passed the entrance to Nansen Sound. The ice 

on the eastern portion of Lancaster Sound was moving 

while the western portion remained solide Open water 

was present in the southern parts of Penny Strait, and 

Hell G~te and Cardigan Strait were ice-free. A small 

amount of open water existed along the southern portion of 

Hendriksen Strait. The remaining'straits and channe1s of 

the study area remained solid although puddling was beginning 

in most areas. 

Toward the latter part of July the southern channels 

had shattered and the ice in these areas was in motion. The 

northern channels were still supporting a consolidated cover 

while the polar ice front remained in a position almost the 
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same as in June. The ice cover on Jones Sound had 

shattered and there was a considerable amount of open 

water in Hell Gate, Cardigan Strait and that portion of 

Jones Sound southeast of these straits. AlI the ice in 

Lancaster Sound and Wellington Channel had broken by this 

time and the area up t 0 the northe rn porti on of Penny 

Strait had shattered. The southe rn porti on of Norwegian 

Bay between Graham Island and North Kent Island had 

broken and sorne areas of open water existed. The central 

portions of Belcher Channel had broken and the ice in 

the section of Eureka Sound north of Stor Island was in 

motion. The ice cover in the northern half of Barrow 

Strait was comp·osed of relatively small floes while the 

consolidated cover on the remaining portions of this 

strait were just beginming to break up. The northern 

extremeties of Prince Regent Inlet, Peel Sound and Ivl'Clintock 

Channel still maintained a solid cover. The ice on the 

western part of M'Clure Strait had broken up and was moving 

while the eastern portion was solid although cracks were 

present. The ice in Byam and Austin Channels was solid as 

was the ice covering the remainder of the straits to th.e 

north. Although the eastern and western sections of Parry 

Channel were broken and moving the central area was 

unbroken except for a narrow strip of ice. This strip 

existed along the southern coast of Melville Island and 



extended eastward -south of Byam Martin Island and into 

Barrow Strait where it continued eastward along the south 

coast of Bathurst Island. This strip is subsequently·· 

referred to as "the Parry strip" because Captain Parry 

first navigated it in 19l~ At the end of July 1961 

the concentration of ice in the Parry strip ranged from 

five to nine tenths while most of the ice immediately 

north of it remained solide 

A considerable amount of ice had disappeared by 

the end of August 1961. Open water existed in Lancaster 

Sound, Jones Sound, Wellington Channel, Barrow Strait and 

Eureka Sound. The ice on the remaining channels of the 

area had broken up with the exception of Hazen St rait and 

the area West of Lougheed Island. In addition, the ice 

cover remained solid on both sides of Amund Ringnes 

Island and in Wilkins Strait. The polar ice front had 

ceased to exist except in the area to the northeast and 

west of Meighen Island. The ice cover on Ballantyne and 

Fitzwilliam Straits had shattered. To the south, Prince 

Regent Inlet was broken and moving, Peel Sound was mainly 

open water and M'Clintock Channel was shattered and in 

motion • 

The last observations made in the Queen Elizabeth 

Islands, during 1961 were made in late September. The 

inforcr,ati on shawn on figure 9 was collected by Black 

50. 



51. 

between.September 19 and 23 during flight No. 9. Although 

the entire area was not covered during the flight, a 

considerable amount of data can be interpolated on the 

basis of the previous flights. Young ice began to form 

during the first week of September but break-up and 

movement continued. Most of Massey Sound had broken and 

the only areas of the Queen Elizabeth Islands that remained 

solid were those around Meighen Island. By mid-September 

the ice cover in the Queen Elizabeth ISlands was beginning 

to consolidate and figure 9 shows that Prince Gustaf Adolf 

Sea and the area north of Byam Martin Channel had already 

stopped moving. It may be assumed that Ballantyne Strait 

and the areas north and east of Fitzwilliam Strait 

including Hazen Strait began to solidify at the same time. 

Although young ice would be pr'esent in the remaining 

channels, no consolidation would occur in these areas until 

the latter part of September and in the larger areas like 

Viscount Melville Sound, Jones Sound, M'Clure Strait, 

M'Clintock Channel and Lancaster Sound consolidation might 

not occur until late November or early December. Indeed 

the ice cover in areas such as Lancaster Sound may not be 

consolidated at any time of the year. 

The foregoing summary of the 1961 summer sea ice condi­

tions in the study area is extremely general but it serves to 

point out the considerable movement of ice which may occur and 

the amount of op3n water that may existe Generally speaking 
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the 1961 summer season could be called a 'good' ice year 

because the ice cover on most of the channe1s broke up 

and moved. 

1962 
The fo11ow mg description of the ice condi ti ons 

for the 1962 season in the Queen Elizabeth Islands has been 

summarized from a detai1ed report (Black, 1965). By the 

end of June 1962 the ice cover over the entire area genera11y 

resembled that for the sarne period in the preceding year with 

the exception of Lancaster Sound and the northern part of 

Prince Regent In1et which were a1most entire1y ice-free. The 

eastern section of Barrow Strait was mainly open water as 

was the northern part of Penny St rait and the eastern portion 

of-' Queens Channel. He11 Gate and Cardigan Strait were 

ice-free and the western part of Jones Sound adjacent to 

these areas was open water. The rest of the channe1s 

remained consolidated. The polar ice front was we11 

defined and extended across M'Clure Strait and along the 

western edge of the Archipelago up to and beyond the entrance 

to Nansen Sound. 

The polar ice front remained in a similar position 

at the end of July with the excepti on of the M' Clure Strait 

area where a considerable amount of fracturing and movement 

oc curred earlier in the month. Nansen Sound remained solid 

but the entire Eureka Sound system wi th the exception of the 

very oouthern portion had broken up and was moving. 

NorvJegian Bay rernained solid in the north while the soutllern 
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section between Graham Island and North Kent Island had 

broken up. The fractured ice cover on Belcher Channel 

was separated from the broken area on Norwegian Bay by a 

tongue of solid ice extending to Grinnell Peninsula from 

the channe"l between Cornwall and Graham Islands. The 

i ce co ver on Hendriksen Strait had broken. The ice on 

Jones Sound was shattered and moving, while Lancaster 

Sound, Prince Regent Inlet and the eastern part of Barrow 

Strait remained ice-free. Wellington Channel had shattered 

while Penny Strait and Que ens Channel were almost ice-free. 

The southern part of unnamed sea no~th of Bathurst Island 

between Desbarats Strait and Belcher Channel maintained a 

solid ice cover while the northern half of this area between 

Lougheed Island and Hendriksen Strait had Shattered. The 

ice in Byam and Austin Channels remained consolidated. 

Barrow Strait had shattered but the central portion of Peel 

Channel remained solide The central and extreme western 

parts of Viscount Melville Sound remained solid while the 

eastern area of M'Clintock Channel had broken up. A 

considerable arnount of open water existed in the eastern part 

of M'Clure Strait and the ice cover on the western portion 

had broken and was moving. The southern halves of Crozier 

Channel and Kellett Strait were broken while their northern 

areas remained consolidated. The remaining interior area of 

the Queen Elizabeth Islands including Ballantyne Strait, 
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Hecla and Griper Bay, Hazen Strait, Prince Gustaf Adolf 

Sea, Peary Channel, Hassel Sound, Sverdrup Channel a.nd 

Massey Sound were so lid up until the latter part of July 

in 1962. 

By August 5th aIl the straits and channels of the 

Archipelàgo had bro ken except for the areas i.mmediately 

adjacent to northern Bathurst Island and that part of Peary 

Channel extending from the northern end of Hassel Sound to 

the Arctic Ocean. Once the northern channels break up they 

allow the polar ice to flood into the Archipelago and this 

invasion was weIl under way by mid-August in 1962. 

The following situation existed at the end of August 

1962. Nansen Sound was loosely covered in its southern 

reaches while the northern portion maintained a seven tenths 

cover of polar ice. Eureka Sound and aIl the adjoining 

fiords were almost en tirely :ice-free. Norwegian Bay and 

Belcher Channel except for the extreme southern portions 

were ic e-f~ee. Open water predominated in J one s Sound 

except for a few tenths of ice in the extrema western portion. 

Lancaster Sound, Prince Regent Inlet, Peel Sound, Wellington 

Channel, Queens Channel and Penny Strait were entirely, free 

of sea ice. Barrow Strait had a few tenths of ice in its 

central portion while McDougall Sound had a similar 

concentration along its western part. Austin Channel and the 

eastern portion of Viscount Melville Sound including northern 
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MVClintock Channel were almost completely open water as 

was M'Clure Strait. Although the ice cover had broken in 

the remaining areas of the Archipelago 'the concentration 

was generally nine tenths with the exception of Ballantyne 

Strait and Hassel Sound which had about a three tenths cover. 

Figure 10 shows the sea ice distribution in the latter 

part of September 1962. By this time young ice had formed 

and covered ma st of the areas of open water present in the 

Archipelago during late August with the exception of the 

eastern channels. Jones Sound remained ice-free in its 

northern, central and eastern portions. Lancaster Sound, 

Prince Regent Inle t, Wellington Channel, Que ens Channel, 

Penny Strait and much of Barrow Strait remained relatively 

ice-free. Young ice had formed on Heridriksen Strait and 

Penny Strait, the western portion of Viscount Melville Sound, 

the central and eastern portion of fvl'Clure Strait in addition 

to Cro zier Channel, Kellett Strait and Fit zwilliam Strait. 

With the excepti on of the bay adj acen t to Isachsen, the bays 

along the northern part of Bathurst Island and some landfast 

ice along the western coasts of Prince Patrick Island and 

Borden Island, the rest of the straits and channels of the 

Queen Elizabeth Islands were occupied by open water or 

rnoving ice. Consolidation probably began by the end of 

Septernber but the date v/hen the ice cover in the area 
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became completely solid is unknown. 

Figure 10 shows the conditions which exist in 

the fall of a 'very good t ice year. This type of year is 

characterized by large amounts of Op3n water at the height 

of the summer melt and a greater than normal amount of young 

ice in the fall as freeze-up begins. 

1963 
The 1963 summer season resembled that of 1962 with 

regard to the areas that broke up and moved, but as will be 

pointed out in the following description the concentrations 

of sea ice throughout the entire area in 1963 were much 

greater than those found in 1962. By the end of June 1963 

aIl the waters of the Queen Elizabeth Islands maintained a 

consolidated cover of sea ice with the exception of a few 

areas. A small patch of open water existed at the northern 

ead of Penny Strait and the eastern portion of Queens Channel 

remained ice-free. Hell Gate and Cardigan Strait were also 

ice-free. Lancaster Sound maintained a solid ice cover which 

is not the usual case. M'Clure Strait remained solid excepting 

the southwestern por.ti on w hic h was ic e- free. The polar ice 

front extended some distance off shore along the western coast 

of the Archipelago. 

It is diffi cul t to describe the situation at the end 

of July 1963. Little sea ice information was collected between 

the third week in July and the latter part of August because 

the ice reconnaissance aircraft remained grounded at Isachsen 
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due to a muddy airstrip. By the end of the third week 

in July most of the ice cover in the Queen Elizabeth 

Islands was still solide Exceptions were Lancaster Sound 

which had broken to support an eight tenths cover and 

northern Prince Regent Inlet and the eastern part of Barrow 

Strait whe re the ice cover had shattered to form a nine 

tenths concentration. ~enny Strait was ice free while 

Queens Channel and Belcher Channel supported an eight 

tenths cover. By this time the central porticn of the 

Hendriksen Strait was seven tenths covered. Open water in 

Hell Gate and Cardigan Strait extended into the western 

portion of Jones Sound and the area between North Kent 

Island and Graham Island had broken to support a five tenths 

cover of ice. The southwestern part of M'Clure Strait was 

ice-free while the central portion had broken to form a 

nine tenths cover. The easternmost part of M'Clure Strait 

remained solid as did the remainder of the straits and 

channels in the study area. 

A major change in the sea ice conditions had occurred 

by the end of August 1963. With the exception of northern 

Nansen Sound, Sverdrup Channel, Wilkins Strait, and the bay 

near Isachsen the total sea ice cover of the Queen Elizabeth 

Islands had broken up and was in motion. Central and southern 

Nansen Sound maintained an eight tenths cover while central 

Eureka Sound and the adjoining fiords were ice-free. The 

remaining areas in the Eureka Sound system maintained a five 

tenths cover of sea ice. A band of open water surrounded 
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the western portion of Ellef Ringnes Island while 

Norwegian Bay was eight tenths covered. Jones Sound was 

ice-free and Lancaster Sound and Prince Regent Inlet were 

seven tenths cdvered by ice. Wellington Channel and Peel 

Channel were ice-free but Barrow'Strait~ Penny Strait and 

Queens Channel were covered with at least eight tenths of 

ice. The northern portion of M'Clintock Channel, the 

southern and eastern parts of Viscount Melville Sound 

supported a nine tenths cover and the remainder of the 

Sound was ofen water. M'Clure Strait to the west was five 

tenths covered while the eastern part adjacent to Viscount 

Melvi lIe Sound was ice-free. Cro zier Channel, Kellett Strait 

and Fitzwilliam Strait were mainly ice-free. The remaining 

waters in the study area supported a broken and moving ice 

cover with a concentration of between nine and ten tenths. 

In order to describe the situation which existed at 

the end of September the information shown on figure 11 has 

been augmented by dat a co Ile cted during an uncompleted flight 

made at the end of the month. By the end of September 1963 

the young ice was nearly consolidated in Eureka Sound and 

Nansen Sound. The ice cover on Norwegian Bay was beginning 

to consolidate while Jones Sound remained mainly open water. 

Young ice had begun to fonn in Lancaster Sound and Prince 

Regent Inlet although the ice in these channels and in 

Wellington Channel and Penny Strait continued to move. 
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Barrow Strait had a moving cover of mainly young ice 

while eastern Viscount Melville Sound and northern 

M'Clintock Channel supported a moving cover of mainly polar 

and win ter ice. The remainder of Viscount Melville Sound 

was nine to ten tenths covered with moving young ice. The 

eastern portions of M'Clure Strait as weIl as Crozier 

Channel, Kellett Strait and Fitzwilliam Strait also maintained 

a nine to ten tenths cover of young ice. The western half 

of M'Clure Strait supported an eight to nine tenths cover 

of mainly polar ice. At this time a solid unmoving ice 

sheet covered Hecla and Griper Bay, Wilkins Strait, and the 

northern coast of Bathurst Island. The remainder of the 

channels had a moving ice cover between nine and ten tenths 

which soon consolidated. 

The 1963 summer season may be c1assed as a 'good' 

ice year as far as the break-up was concerned. However, 

most ship captains might not agree because the ice in the 

southern channe1s did not have time to melt or disperse 

bE:lfor e the northern channe1s opened and allowed more i ce 

to pour in to augment the ice cover already present in the 

usual shipping lanes of the Queen Elizabeth Islands. 

l2Qfr. 
The sea ice condition s which exi sted during the 1964 

summer season were nearly reverse of those observed in 1962 

and 1963. By the end of June in 1964, aIl the northern and 

most of the southem channels maintained a solid cover of i ce. 
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The polar ice front. was weIl defined and it extended 

from Banks Island along the western edge of the Queen 

Elizabeth Island sand cont inue d pa st the northern 

entrance to Nansen Sound. Hell Gate, Cardigan Strait 

.and a small portion of Jones Sound near the southern 

entrance to these straits were ice-free. The eastern 
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portion of Jones Sound was ice-free and so was Lancaster 

Sound. Open water in Lancaster Sound extended westward 

into Barrow Strait to the meridian passing through 

Resolute. The ice cover on the northern section of 

Prince Regent Inlet had broken. A small patch of open 

water existed in mid-Penny Strait while a larger ice-free 

area appeared on the eastern portion of Queens Channel. 

vlith the following exceptions the situation at the 

end of July was similar to the one at the end of the 

preceeding mon th. 1hat portion of Eureka Sound north of 

Stor Island had broken up as had the section of Norwegian 

Bay between Graham Island and Hell Gate. The ice cover on 

Jones Sound had fractured and the eastern half was ice-free. 

Lancaster Sound was entirely ice-free as wereQueens Channel 

and Penny Strait. Wellington Channel had broken up while 

the ice cover on Prince Regent Inlet remained unbroken. 

Belcher Channel had shattered and open water existed in the 

middle of Hendriksen Strait. The western part of Barrow 



Strait remained solid while the portion east of Lowther 

Island contained no ice. The remainder of the area 

studied maintaine d a solid ice cover • 

. The changes which had occurrèd by the end of 
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August 1964 were slight but nevertheless the southern half 

.. of Nansen Sound had broken and was beginningto support a 

young ice cover. Eureka Sound wi tli the exception of its 

southermost section was mainly ice-free. The northeastern 

portion of Norwegian Bay had recently fractured and the moving 

ice in the southem portion of this bay was separatedfrom the 

open water in Belcher Channel by a solid tongue of séa ice. 

Hell Gate and Cardigan Strait were covered with a few tenths of 

ice while Jones Sound was mainly ice-free. Lancaster Sound, 

. the northern portion of Prince Regent Inlet and Peel Sound 

were aIl ice-free and a similar condition existed on 

Wellington Channel, Queens Channel, Penny Strait and 

Hendriksen Strait. The eastern portion of Barrow Strait 

was ice-free while the western section supported a five 

tenths cover. The Parry strip had broken earlier in the 

month but by the end of the month the sea ic e on the 

remaining porti ons of Viscount Melvi lIe Sound was jus t 

beginning to fracture. The broken cover on M'Clure Strait 

extended about half way up Crozier Channel while Kellett 

Strait remained consolidated. The polar ice front had 

maint aine dits posi tian and the rest of the channels in the 
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study are not described above, supported a solid ice 

cover. 
-

Gen erally the p3. t'tern of break-up and movemen t 

progressed very slowly during September 1964. Figure 12 

outline s the situation for the middle of the month while . 

the following description is based on data collected 

during a later flight, between September 26 and 29.By 

the end of Sept ember, Nan sen Sound and Eureka Sound had 

a solid ice cover except in the vicinity of Stor Island. 

The northwestern part of Norwegian Bay remained solid and 

the eastern and sou the rn portions were beginning to freeze. 

A few floes were scattered in Hell Gate and Jones Sound 

while Lancaster Sound, Wellington Channel, Queens Channel 

and Penny Strai t were ice-free. Although young ice had 

farrœd in Belcher Channel and Hendriksen Strait movement 

was still possible. McDougall Sound, Peel Sound and Barrow 

Strait also supported a moving cover of young ice. By the 

end of the mon th the southern portion of Viscount Ivlel vi lle 

Sound and the northern section of M'Clintock Channel which 

had broken during the middle part of September began to 

conso lidate. By the la tter part of the month the Parry s trip 

was covered with young ice as was Byam Channel. The young 

ice on the eastern portion of M'Clure Strait and the southern 

sections of Crozier Channel and Kellett Strait had formed 
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a solid cover while the remainder of M'Clure Strait 

remained in motion. By the end of September the polar ice 

front had retreated somewhat closer to the coast of the 

Archipelago and di pped :in to the northern entranc es to Prince 

Gustaf Adolf Sea and Peary Channel. 

With the exception of par,ts of Eureka Smlnd, 

Norwegian Bay, Belcher Channel and Hendriksen Strait there 

was no movement of the sea ice covering the areas of the 

Queen Eliz abeth Islands to the north of Parry Channel during 

the 1964 season. For this reason the summer of 1964 was 

considered a very 'bad' ice year. 

1965 
The distribution of sea ice in the Queen Elizabeth 

Islands at the end of June 1965 was very similar to the same 

period in 1964. That is the majority of the channels remained 

solido Excepti ons to this general observation were the ice­

free area of Hell Gate, C~rdigan Strait and the eastern 

entrance to Jones Sound. The portion of Lancaster Sound 

east of Prince Leopold Island was ice-free while the cover 

on the northem part of Prince Regent Inlet was in moti on. 

The middle of Penny Strait was ice-free and so was the 

eastern half of Queens Channel. The polar ic e fron t was weIl 

defined acro ss the entrance of lVJ:' Clure Strai t and as usual 

i t extended alcng the western coast of the Queen Elizabeth 

l sI and s pa st N an sen Sound. 
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Though a few areas had begun to break-up by the 

end of July 1965 the majority of the channels remained 

solide Eureka Sound had broken up and maintained a three 

tenths ice cover. That part of Norwegian Bay north of 

Hell Gate had broken, while the central portions of Jones 

Sound were beginning to fracture. The easternmost portion 

of J one s Sound was ic e-free as was Lancaster Sound and the 

northern section of·Prince Regent Inlet. The ice cover on 

Wellington Channel and eastern Barrow Strait had broken 

and by the end of the month the concentration in these 

areas was five tenths. Northern Peel Sound remained 

consolidated. Queens Channel and Penny Strait were mostly 

open water as was the middle portion of Hendriksen Strait 

bu t the i ce cover on Belcher Channel ha d jus t begun to move. 

Even thrugh the western half of M' Clure Strai t had 

broken, the concentrati on was at le ast nine tenths. The 

polar ice front appeared to be closer to shore than when 

previously observed. 

By the end of August 1965 the progression of break-up 

had almost reached its maximum extent for the season. 

Nansen Sound remained solid except for the southernmost part 

where young ice was beginning to forme Eureka Sound was 

mostly open water. The eastern and sou thern portions of 

Norwegian Bay had broken so that a moving ice cover exi.sted 

over the areas east and south of the eastern entrance to 

Belcher Channel. The central portion of Hendriksen Strait 
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remained open wnile the ice north of Penny Strait had begun 

to break up~ Penny Strait maintained a five tenths cover 

and so did the eastern portion of Queens Channel. However, 

the eastern part of this channel, Wellington Channel, 

northern Prince Regent Inlet and Lancaster Sound were free 

of ice. McDougal1 Sound and the eastern half of Barrow 

Strait were ice-free but Barrow Strait to the west was 

nine tenths covered. By the end of August the Parry strip 

was moving but the ice cover on the remainder of Viscount 

Melville Sound as weIl as the northern part of IvI'Clintock 

Channel was solide M'Clure Strait, the southern portions 

of Kellett Strait and Crozier Channel had broken. The 

ice cover on the rest of the straits and channels remained 

solid and the polar ice front remained in a position similar 

to that at the end of July. 

Figure 13 shows the distribution of sea ice in the 

middle of September when most of the break-up had ceased. 

However, by the end of September more young iee had formed. 

For example, southern Nansen Sound and the main portions of 

Eureka Sound were solidly eovered with young iee. Although 

the whole cover on Norwegian Bay had broken up earlier, by 

the end of the month the young ice had knitted the floes 

together and the iee cover was solide Hell Gate, Cardigan 
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Strait and Jones Sound were mainly ice-free except for 

a few floes of young ice. Most of Lancaster Sound was 

ice-free while Princ e Regent Inlet, Barrow Strait, 

Wellington Channel, Queens Channel and Penny Strait 

supported various concentrations of young ice. Like 

Norwegian Bay, the area between Penny Strait and southern 

Ellef Ringnes Island broke up during the first part of 

September but was consolidated again by the latter part 

of the mon th. The Parry stri p was co vered wi th young ic e 

while the remainder of Viscount MelVille Sound was solidly 

covered by mainly winter ice. Vis count Melville was solid 

at the end of September but the northern porti on of MI Clin tock 

Channel was still in motion. Ice on the extreme western 

section of M' Clure Strait was movin g though the remainder 

of the strait and the southem portions of Crozier Channel 

and Kellett Strait were consolidated for the winter. Although 

only a few areas of the polar ice front were seen during the 

last flight in 1965, its position had remained relatively 

stationary since the end of August. 

The ic e condition s during the 1965 summer season 

cannot be classed as 'good' or 'bad' nor can the conditions 

be termed 'average' because the progression and extent of 

break-up was le ss than average. Hence the season was 

designat ed as a 'fair' ice ye ar • 
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At the end of June 1966, as in previous years, most 

of the channels maintained a solid ice cover. Open water 

occurred in Hell Gate, Cardigan Strait and the westernmost 

portion of Jones Sound. Lancaster Sound was mostly open 

water as far west as the solid edge which extended northward 

from Prince Leopold Island to Deven Island. Northern Prince 

Regent Inlet was broken and maintained about a five tenths 

cover. Queens Channel and Penny Strait were covered with 

moving ice. AlI other areas were solidly covered except 

the western half of M'Clure Strait. The polar ice front 

extended northeast along the western coast of the Queen 

Elizabeth group from the southern tip of Prince Patrick 

Island past the entrance to Nansen Sound. 

By the end of July 1966 Eureka Sound was beginning 

tobreak up. Although most of Norwegian Bay remained 

solidly covered that portion between Hell Gate and Graham" 

Island had recently broken. Hell Gate, Cardigan Strait and 

the westernmost porti on of J one s Sound were icè-free. The 

eastern end of Jones Sound was also ice-free while the central 

portion remained solide That part of Lancaster Sound east 

of Prince Leopold Island was entirely ice-free. Prince 

Regent Inlet in the northern reaches maintained a six 

tenths ice cover while the eastern section of Barrow Strait 

was five tenths covered. The ice cover on Wellington Channel 



had just broken up. Queens Channel and Penny Strait 

were ice-free. The ice coyer on Belcher Channel had 
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cracked and was moving and the central portion of Hendriksen 

St;rait was open water. Vis count Melville Sound maintained 

a solid cen tral area while the northern and e astern 

portions had begun to move. The ice coyer on M'Clure 

Strait was moving but Kellett Strait, Crozier Channel and 

the remaining channels in the study area supported a solid 

ice cover. The pola r ice front remained in a position 

similar to that at the end of June. 

By the end of August the break-up had advanced 

considerably. Although the main portion of Nansen Sound 

remained solid, the southernmost part was ice-free. Eureka 

Sound was ice-free. The ice coyer on Norwegian Bay had 

co rnpletely sha ttered but Massey Sound remaine d conso lida ted. 

The ice on Belcher Channel was moving. Hendriksen Strait, 

Hell Gate, Cardigan Strait, Jones Sound, Lancaster Sound 

and the northern part of Prince Regent Inle t were ice-free. 

Wellington Channel and eastern Bar,c0w Strait were alrnost 

ice-free while Queens Channel was completely ice-free. 

Penny Strait was covered with broken and moving ice and 

the'area north of it was broken. Meanwhile Hassel Sound 

remained solide The ice cover on McDougal1 Sound, western 

Barrow Strait, Viscount Mel ville Sound and northern 
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M' Clintock Channel was moving. The Parry strip was 

beginning to develop and the ice cover on Austin Channel 

and Byam Channel had broken. The southern part of M'Clure 

Strait was covered with at least nine tenths of ice while 

the northern section together with Crozier Channel and 

Kellett Strait was ice-free. The remaining areas 

investi gated supported a solid cover and the polar ice 

front appeared to have moved closer to shore along its 

en tire le ngth • 

The situation at the end of September can be 

generally determined from the distributions shown on 

Figure 14. However the conditions described below 

differ from those shown on Figure 14 because they are 

summarized from a flight made toward the end of 

September. By this time northern Nansen Sound was still 

solidly covered, with young ice forming in the southern 

portion of the sound. Eureka Sound supported a complete 

cover of young ice except in the vicinity of Stor Island. 

The ice cover on Norwegian Bay and Belcher Channel had 

consolidated. Massey Sound and the channels to the north 

of it remained solid during the 1966 season. Hell Gate, 

Cardigan Strait and Jones Sound were ice-free. Lancaster 

Sound,northern Prince Regent Inlet, eastern Barrow Strait, 

Wellington Channel, Queens Channel and Penny Strait were 

mostly ice-free near the end of September although sorne 

young ice floes were present in these channels. Most of 
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the area north of Penny Strait had consolidated while 

McDougall Sound, western Barrow Strait, Byam Channel, 

Austin Channel ~nd Byam Martin Channel supported a 

partially consolidated cover of mainly young ice. The 

parry strip was covered with young ice and some movement 

was possi bleD Most of the ice cover on Viscount Melville 

Sound had consolidated but some movement was possible on 

northern M'Clintock Channel. The central and eastern 

portions of M'Clure Strait were solidifying while 

Fitzwilliam Strait, Kellett Strait and Crozier Channel 

were solidly covered with mainly young ice. 

Generally the break-up and movement in the study 

area during the 1966 summer season extended further than 

was the case in 1964 or 1965 but to a lesser extent than in 

1962 or 1963. As a result the 1966 summer season is 

classified as an 'average' ice year. 

Forecasting the Ty~~~ Ice Year 
The descriptions gi ven above show that a considerable 

fluctuation in the sea ice conditions may occur from year to 

year. It might be assumed that the type of year could be 

forecast by comparing the conditions in a specific or 

indicator area with those noted at the same time during a 

previous year. It is possible to forecast the type of ice 

year but the forecast cannot be made until the end of July. 

By this time it is too late for the ships and the shippers 

to modify their plans or adjust their loads to take 



advantage of the forecast. As a result the indicator 

area type of forecast is of little practical value. 

Progression of Break-Up 

77. 

Even though it i8 not possible to forecast the 

type of ice year that will oceur it is possible to accurately 

forecast the break-up patterns which will occur in any 

given year. But it remains impossible to give speci~ic 

dates for the various steps in the progression of break-up. 

The fo11owing descriptions are based on the data which ha~ 

been summarized above especially that co1lected by the author 

during 1964, 1965 and 1966. 

Before describing in detail the break-up patterns 

for specific areas the general patterns will be given as 

they are likely to exist at the end of each month during 

any year. By the end of June, although most of the channels 

of the study area are solidly covered with sea ice sorne 

areas of open water always existe For example portions of 

the channels on either side of North Kent Island remain 

entirely ice-free or lightly covered with ice throughout 

the winter. By the end of June these channels (Hell Gate 

and Cardigan Strait) are entirely ice-free. Two other 

areas, Penny Strait and Queens Channel, exhibit similar 

characteristics. Although both Queens Channel and Penny 

Strait may freeze over during the winter it is usually 

the case that the easternmost part of Queens Channel remains 

ice-free o There is an additional section of the study area 
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(Lancaster Sound) which may have a considerable amount of 

iCE:-free water during the wint er and by the end of June. 

Nothing definite can be said about the ice conditions in 

Lancaster Sound during the winter months except that a 

solid cover is not likely to exist for very long. That 

portion of Lancaster Sound east of Prince Leopold 'Island 

May be completely ice-free in mid-March. Although it is 

possible for the open water in Lancaster Sound to extend 

close to Resolute Bay by the end of June, it is more likely 

that only the portion of the Sound east of Prince Leopold 

Island will be ice-free. 

The patterns \'IJhich develop in July are not radically 

different from those of mid-June. Open water still remains 

in Hell Gate and Cardigan Strait and the open portions of 

Penny Strait and Queens Channel usually combine to form one 

ice-free area. Lan caster Sound May have a few floe s. 

However Eureka Sound, Jones Sound, Wellington Channel, 

M'Clure Strait and Belcher Channel break up by the end of 

July. The middle portion of Hendriksen Strait has usually 

become ice-free by the end of July and the ice cover between 

Hell Gate and Graham Island has shattered. The remaining 

channels studied here support a solid ice cover. 

The situation at the end of August cannot be 

described with the sarne accuracy as June and July. 
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However by the end of August in an average year Eureka 

Sound,' Jones Sound, Lancaster Sound, Wellington Channel, 

Queens Channel', Penny Strait and the eastern portion of 

Barrow Strait have become ice-free. Open water probably 

exists in Hendriksen Strait, Belcher Channel and the 

southern portions of Crozier Channel and Kellett Strait. 

The ice cover on the sou thern porti on of Nansen Sound, 

the eastern section of Norwegian Bay and the northern part 

of Viscount Melville Sound will have broken up by this time. 

In some years the remaining channels have also broken 

while in other years these channels are still solid at 

the end of August. 

There may be considerable year to year variations 

in the sea ice pattern on the straits and channels of the 

study area by the end of September but the variations are 

not as formative as those which may occur in August. Usually 

in late September the sea ice over the main part of the 

Queen Elizabeth Islands is in the process of consolidation. 

However Jones Sound, Lancaster Sound, Wellington 

Channel, Queens Channel and Penny Strait with the exception 

of a few pat ches of young ic e are usually relati vely ice-free 

at this time. Although the young ice cover has begun 

to form and helps to solidify the existing ice fields sorne 

movement can and does occur in man y of the larger 

channels weIl on into October and November and 

possibly later. Only in 1967 have sea ice 
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reconnaissance aircraft remained in the Queen Elizabeth 

Islands long enough to make surveys in November. It is 

hoped that these observaticns will be extended 50 that 

sorne éoverage is gained during each of the winter months. 

Until such time as these surveys are carried out only 

general statements like the ones given above can be 

made concerning the final dates of consolidation of 

the sea ice cover in the various channels of the study 

area. 

Specifie Break-Up Patterns 
The general progression of the break-up for each 

summer month has been described in the foregoing paragraphs. 

This section will deal with the specifie break-up patterns 

which are unique to each area of the Queen Elizabeth 

Islands. No effort will be made to state the exact time 

for each stage of break-up because the yearly variations 

are too great. However it is possible to describe 

chronologically the progression of break-up in the various 

water bodies of the area because a recognizable step by 

step progression usually occurs. Proof for this staternent 

is given below. 

Lancaster Sound 
Usually the portion of Lancaster Sound east of an 

arcuate ice edge extending northward from Prince Leopold 

Island to the southern coast of Devon Island is ice-free 

before any other channel in the study area. The area west 
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of the Prince Leopold boundary is one consolidated ice 

cover and may remain so for a number of weeks. Suddenly 

the western portion of the sound breaks up and the edge 

between solid ice and moving ice moves westward to a line 

approximating the meridian through Resolute Bayo This 

boundary may remain in the same position for another two 

weeks before the portions west of it begin to shatter. 

Prince Regent Inlet 
The ice cover on Prince Regent Inlet does not 

exhibit any step by step progression of break-up. It is 

usually the case in this inlet that if one portion is solid 

. the whole of it is solid but once the break-up starts the 

entire inlet becomes a moving mass almost at the same time. 

The ice cover or the amount of open water in Prince Regent 

Inlet seems to depend on the predominant wind direction in 

the early summer. For example, a steady south wind for a 

few days may drive the shattered ice fields out of the inlet 

and into Lancaster Sound where the floes are ablated. If 

these winds do not occur, then the inlet may support a fairly 

concentrated ice cover until the ice is ablated in situ. 

Jones Sound 
Jones Sound has a characteristic progression of 

break-up. There are areas of open water which form early 

in the season at each end of the sound. The central 

portions remain consolidated while the area of open water 
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at each end grows larger. Usually the ice-free area 

at the eastern end of the sound expands faster than that 

at the western end. Once the eastern area has opened as far 

west as a meridian passing through Cape Sparbo the 

northernmost portion of the sound begins to shatter. As a 

result a band of moving ice is forrœ d along the southern 

coast of Ellesmere Island between the open water areas at 

either end of the sound. Three or four days after this 

condition has established itself the remainder of the sound 

fractures into quite large floes with the exception of 

Bear Bay and portions of West Fiord which remain so lid for 

at least two more weeks in the case of Bear Bay and for a 

considerably longer period for West Fiord. Most of Jones 

Sound may be ice-free before the ice cover on West Fiord 

disappear s. 

Hell Gate and Cardigan Strait 
During the win ter months the waters of Hell Gate 

and Cardigan Strait may freeze until there are only small 

areas of open water on either side of the southern portion 

of North Kent Island. As the season progresses these areas 

of open water expand northward along either side of this 

island until a boundary is forrœd at the entrance to Norwegian 

Bay. The edge between open water and solid ice usually 

remains in this position for a considerable length of time. 

Similarly the open water in these channels extends southward 
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to the entrance of Jones Sound where a definite boundary 

between ice and water exists for some weeks. This ice edge 

may retreat slowly eastward into Jones Sound. 

Eureka and Nansen Sounds 
The break-up and disintegration of the ice cover on 

Eureka Sound proceeds northward and southward from the area 

around the northern end of Stor Island. The ice cover 

north of Stor Island breaks up and disintegrates before 

the southern portion. Usually an ice edge exists for a 

week or more across the part of the sound just north of 

Eureka. In the south the boundary between the open or 

moving ice and the solid ice establishes itself for some 

tirœ where Eureka Sound enters Norwegian Bay. While 

this boundary remains stationary the ice edge at the 

northern end of the Sound extends itself into the southern-

most part of Nansen Sound where the boundary between the 
1 

solid ice and the open water tends to form at right angle s 

to the walls of this sound. Usually the ice edge remains 

near Hare Fiord for a period of time and may suddenly 

move north to the vicinity of Otto Fiord where the boundary 

between solid and moving ice remains until the sound freezes 

over again. Of course the entire surface of Nansen Sound 

may shatter in 'good' years but the whole of Eureka Sound 

will become ice- free even in the wor st ice ye ars. 

Penny Strait and Queens Channel 
The progression of break-up in the Penny Strait, 
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Queens Channel area is relatively straight forward. The 

open water in Penny Strait extends northward to the ice 

boundary across the northern porti on of the strai t 

between Grinnell Peninsula and the north eastern part of 

Bathurst Island. rfhe edge remains stationary here for 

some time. Queens Channel establishes its eastern 

limits of open water along the eastern parts of the 

islands between Grinnell Penin sula and the northern part 

of Cornwallis' Island. The southern part of Penny Strait 

and the northern part of Queens Channel join to form an 

ice-free area while land-fast ice extends along the 

eastern coast of Bathurst Island. 

Wellington Channel 
At appr-oximately the time when Queens Channel 

and Penny Strait become ice-free the entire cover on 

Wellington Channel suddenly fractures and large floes are 

expelled into the open water of Lancaster Sound. The se 

floe s seldom rrove very far in this s::>und before they are 

completely ablated and open water prevails. It is possible 

for Wellington Channel to support a completely solid ice 

cover at the beginning of a week and be entirely ice-free 

at the end of the week. 

Belcher Channel 
The first signs of break-up in Belcher Channel 

appear as elongated and curved areas of open water ext~nding 



along a line between the northeastern part of 

Grinnell Peninsula to the central southern coast of 

Cornwall Island. Next, areas of open water appear to 

the' southeast of Tab le Island. The ice cover b€:tween 

these areas shatters and then extends itself until the 

en tire channel consi s ts of moving ic e.. The bound arie s 

at ei ther end of the channel may exi st for some time 

because the adjacent. areas do not usually fracture until 

the latter part of the season. 

Hendri ksen Strai t 
The little patch of open water or the polynya which 

occurs in the middle ·of Hendriksen Strait gradually expands 

until the western half of the strait is ice-free. The 

eastern and western parts of the strait do not breakup 

until the ice in the adjacent channels begins to disintegrate. 

Norwegian Bay 
The break~ûp of Norwegian Bay may be divided into 

five separate steps. The relative location of the boundaries 

farmed during each of these steps are readily forecast but it 

is diffi cult to state the time at which they will occur. 

Ini tial break-up begins in a triangular area wi th the apex 

at the south of Graham Island and the sides extend ta the 

nor thwestern side of the en trance to Cardigan Strait and to 

the northeastern side of the entrance to Hell Gate. The se 

boundarie s remain until the second step proceeds to form a 
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curved boundary extending from the southern tip of 

Graham Island to the point on Ellesmere Island mid-way 

between Hell Gate and Blue Fiord. Shortly after this 

boundary between solid ice to the north and the moving 

ice to the south has been established· the third step 

occurs and the area of Norwegian Bay northeast of 

Graham Island breaks up. The western boundary of this 

area is formed by an uncommonly str'aight line between 

the northern tip of Graham Island and the southernmost 

tip of Axel Heiberg Island. Almost immediately after 

the break-up of the northeastern area the southwestern 

portion gives way and begins to move. This is the fourth ., 

step. The northern boundary formed in this area extends 

in a curved line between the central eastern part of 

Cornwall Island to a similar position on Graham Island. 

Within a few days a considerable expanse of open water may 

exist to the south of this boundary as the ice tends to 

concentrate along the northern coast of Grinnell Peninsula. 

The break-up of the ice cover on the north west section of 

Norwegian Bay constitutes the fifth and final step. First 

to break-up in this area is the ice along the southern coast 

of Axel Heiberg Island. Then a very distinct boundary appears 

between the north east corner of Cornwall Island and the 

south western ti p of Axel Heiberg Island. Usually this 

boundary will remain until freeze-up even though further 



fracturing occurs in the eastern parts of Norwegian Bay. 

Unnamed Region North of Penny Strait 
At approxi.mately the same time that step four 

occurs on Norwegian Bay the ice cover in the area north 

of Penny Strait begins to break-up. Basically three main 

steps occur in the break-up of this unnamed region. 

First the ice due narth of Penny Strait breaks up and 

extends e astward to the entrance to Bel che r Channel and 

Hendriksen Strait. At the same time a boundary between 

the moving cover on the eastern part of the unnamed are a 

and the consolidated cover on Hassel Sound is formed 

across the southern entrance of this sound. The second 

step sets the western boundaries for the break-up in this 

region. This bound ary forms part of a large circle which 

extends from the southern coast of Ellef Ringnes Island, 

along the southern coast of King Christian Island. It 

curves within a few miles of the island southeast of 

Lougheed Island, continues curving past Seymour Island 

and extends along the northern coast of Bathurst Island 

to the mouth of Penny Strai t. The en tire ice-field wi thin 

the confines of this boundary usua lly moves a few miles to 

the south and east during which time the ice cover continues 

to break-up from east to west. Later in the season the 

northwestern boundary of this region may extend across 

Maclean Strait from the northwestern tip of King Christian 

Island to the mid-eastern portion of Lougheed ISland. 
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Barrow Strait 
While the channels in the central and eastern parts 

of the study area are breaking up a similar situation occurs 

in Parry Channel. The boundary between solid and moving ice 

extending south from Resolute moves westward and forms a line 

joining Cape Cockburn to Lowther Island and the central 

northern coast of Russell Island. Although most of the ice 

east of this line is moving, the cover on McDougall Sound 

rema ins solid to the north of an east-west boundary joining 

the southeastern tip of Bathurst Islahd and the south­

western part of Cornwallis Island. 

M'Clure Strait 
The.break-up on M'Clure Strait progresses eastward 

from a brundary between Cape Manning and Cape Prince Alfred. 

1 There is no step-like development for the break-uppattern 

on this channel because no boundary remains stationary for 

an extended period of time. 

Vis coun t Mel ville Sound 
... The break-up occurs in four successive stages. 

The fir st part to break-up is the Parry strip. As previ ou sly 

stated in this case the ice cover immed:i.ately south of Melville 

Island from Winter Harbour to the eastern tip of the island 

fractures and rapidly disintegrates to form an area of open 

water along the coast. This strip of open water soon extends 

eastward across the southern entrances to Byam Channel and 

Austin Channel to link-up with the moving ice cover on Barrow 
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Strait. The southern boundary of the Parry strip remains 

relatiwely stationary wlbtile the seclond step progresses. During 

~his phase the ice cover begins to break-up at the lateral 

extremities of Viscount Melville Sound and this break-up 

progresses toward the center until the solid area in the 

middle"is bounded by the meridians running through 

Stefansson Island and Peel Point. Shortly after this the 

third step begins. During this stage the ice cover on that 

portion of Viscount' Melville Sound south of a line between 

Elvira Island and Peel Point breaks up and the bays along 

the northern coast of Victoria Island become ice-free at 

the same time. The final step is completed when the central 

portion of the sound breaks into large floes and begins to 

move. 

Secondary Channels 
While the break-up was progressing on Viscount Melville 

Sound, the cover on Austin Channel remains solid but at least 

half of the ice cover on Byam Channel, Kellett Strait and 

Crozier Channel breaks up. Soon after this the ice cover on 

Austin Channel shatters and the northern boundary extends 

along a parallel from Melville Island to northern Byam 

Martin Island and across'to Bathurst Island. This boundary 

may remain for only a brief period before the rest of Byam 

Martin Channel breaks up. A new boundary between solid and 

moving ice is formed by the intersecticn of a line running 
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along the meridian from the northeast coast of Melville 

Island and a line approximating a parallel extending 

westward from the tip of Cameron Island. At approximately 

the sam e t,ime the ice cover on Fi tzwilliam Strai t and 

the area south of Emerald Island breaks up and begins to 

move. 

Depending on the type of ice year the patterns 

described above may be realized to a greater or lesser 

extent. In exceptional years the channels to the north 

of those described above such as Prince Gustaf Adolf Sea 

and Peary Channel may also break up to some extent. 

Progression of Freeze-Up 
Up until the fall of 1967 very few sea ice 

reconnaissance flight s were carried out over the Queen 

Elizabeth Islands after the middle of October. As a result 

there is very li ttle information available concerning the 

progression of freeze-up inthis region. Because of this lack 

of data the following description of the freeze-up patterns 

is highly generalized. 

Gene raI Indicat ions of Freeze-Up 
In the past it ha s been assumed that most of the 

sea ice movements cease fairly early in the autumn. Although 

some areas do comply with this idea and are consolidated by 

the middle of October there are quite a number of are as which 

do not consolidate until the first part of November and there 

are other areas whi~h may remain in motion for the entire year. 
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The first indication that the sea ice cover on 

certain areas is beginning to consolidate is the formati on 

of glimmer ice and young ice. The formation of glimmer 

ice depends on local freezing conditions. As a result 

there seems to be no specifie pattern for the formation 

of ice of this type in the study area except for a 

general progression from north to south. Glimmer ice 

does little to supplement consolidation. 

The second indicator of impending solidification 

is the appearance of ,young ice. The formation of a 

young ice cover does not mean that further movement is 

impossi ble because the primary forms of this type of ice 

are relatively thin and weak. 

Specifie Progressions 
The progression of freeze-up described below is 

that which may be expected when the progression of break-up 

advances as outlined above. 

Nan sen Sound and Eureka Sound 
Young ice begins to form on the southern portions 

of Nansen Sound during the first weeks in September. By 

mid-Sept ember the area supports a comple te cover but sorne 

ice movement is still pos si ble. By the end of September 

the southern part of Nansen Sound is solidly covered with 

young ice and very lit tle further movement is likely to 

occur. Also by the end of September most of Eureka Sound 

wi th the excepti on of the channe ls on ei ther side of Stor 
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Island is completely covered with young ice but fl~nal 

consolidation does not occur until the first week in 

October. 

Secondary Channels 
By the beginning of October young ice forms 
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have begun to appear in all the areas of the Queen 

Elizabeth Islands which were ice-free during the summer 

season. As young ice forms, the movement in the areas 

north of Eglinton Island, Byam Martin Island and Penny 

Strait is considerably reduced. These areas as weIl as 

those to the north of them will become completely 

consolidated by mid-October. 

Norwegian Bay and Belcher Channel and the Western Channels 
Norwegian Bay and Belcher Channel support a moving 

ice cover up until the latter part of October. By this 

ti me only the central portions of Belcher Channel and 

that part of Norwegian Bay between Hell Gate and the southern 

part of Graham Island remain in motion. The se areas 

likely become consolidated after the first week in November. 

In addition, Crozier Channel, Kellett Strait, Byam Channel, 

Austin Channel and McDougall Sound have all consolidated by 

the fir st week in Novemb er if not e ar lier. 

Jones Sound 
Jones Sound exhibits a freeze-up pattern that is 

almost the reverse of its break-up pattern. By the 

beginning of November the cen tral portions of this Sound 
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are likely to be solidly covered with young ice while 

the eastern ha If and a small part of the western portion 

rernain in motion. Probably the remainder of Jones Sound 

consolidates during the latter part of November. At this 

time open water still exists in Hell Gate and Cardigan 

Strait at the western entrance to the sound and a similar 

condition exists on Lady Ann Strait at the eastern end of 

Jones Sound. 

Viscount Melville Sound 
The general progression of freeze-up on Parry 

Channel proceeds to the east and west from a central area 

in Viscount Melville Sound. The movement in the central 

partions of this sound is restricted by the latter part of 

October and prob ably consolidation is the :r'ule by the middle 

part of November. The ice cover on the western part of the 

sound and the eastern half of M'Clure Strait will probably 

consolidate at the same time or shortly after mid-November. 

The freeze-up patterns for the above a:-ceas are 

relati vely clear cut and straight forward. However the 

sequence of freeze-up becomes increasingly difficult to 

forecast as the remaining channels are considered. From 

the le ast difficult to the most difficult to fore cast , these 

channels are western M'Clure Strait, Barrow Strait, Penny 

Strait, Queens Channel, Wellington Channel and finally 

Lancaster Sound. 

M'Clure Strait 
The freeze-up on the western porti on of IVP Clure 
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Strait oeeurs between November and the end of February. 

The latter date is suggested on the basis of the drift of an 

iee island called 'WH-l' (Fig. 7). This ice island 

drifted into the western portion of the strait during the 

first months of 1967 where it was subsequently located 

in Mareh 1967. In addition 'Station Charlie' probab1y 

entered M'Clure Strait in the late fall of 1963. 

Admittedly this evidence is rather seant y but it does 

suggest that the westempart of M'C1ure Strait remains in 

motion until the first months of the new year. 

Barrow Strait 
The date of final freeze-up on Barrow Strait can 

only be guessed. It seems likely that movement on the 

western half of the strait will cease near the middle part 

of November. The eqstern portion (east of the Meridian 

through Resolute) may remain in motion till the end of 

November and it is possible that during some winters the 

iee in this area wi Il remain in motion for the en tire year. 

The re are a number of indirect sources which support this 

assumption. In 1850 De Haven's ship drifted through Barrow 

Strait at the end of November (Kane, 1854). Reports from 

residents at Resolute suggest a water sky exists in the area 

during sorne winters and at least one of the ~skimo hunters 

at Resolute does not like to hunt in the area during the 

winter because the ice might drift away with him. This 

evidence plus the fact that the eastern portion of the 
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strait can be ice-free in the early spring (Lindsay, 

1964), suggests that consolidation may not occur during 

some seasons or if it does, it is during the first three 

months of the new year. 

Wellington Channel 
The average date for final freeze-up on Wellington 

Channel cannot be definitely stated. During November 1850 

De Haven drifted up and down the channel until the end of 

the month. It is probable that the ice cover on this channel 

become s consolidated by the middle of December. However, 

there is very little evidence to support this statement. 

Queens Channel and Penny Strait 
A similar situat ion exists when al attempt is made to 

suggest dates for consolidation of the ice cover on Queens 

Channel and Penny Strait. As suggested above it is likely that 

a polynya exists throughout the winter on the eastern part 

of Queens Channel. Also an ice free area may exist in the 

cent re of Penny Strai t un ti l Februar y when i t free zes over. 

Although there is no proof, it is possible that the sea ice 

consolidates around these areas of open water by late November 

and continues to encroach on the so formed polynya until 

a consolidated cover occurs or until the ice begins to feel 

the effect of the approaching summer. 

Lancaster Sound 
It is almost certain that in some years the sea ice 

cover on Lancaster Sound remains in motion throughout the 
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entire winter. The part of this sound to the west of a 

meridia~ through the northeastern tip of Somerset Island 

pro bably maintains an ice cover similar to tha t on 

eastern Barrow Strait. The assumption that the portion 

of the sound to the east of this meridian remains in 

motion is based on rather indirect evidence. However if 

,aIl the pieces of evidence are considered the assumption 

is tenable. The fact that De Haven drifted in Lancaster 

Sound aIl through December is evidence for the fact that 

this area is one of the last to freeze-up. The Eskimos 

from Admiralty Inlet area do not cross to Devon Island 

during the winter because the ice is 'bad'. Bad ice to an 

Eskimo is that type which breaks up under him or drifts 

away wi th him. Moreover, ear ly spring reconnais sance 

flights have shown that the area can be entirely ice-free 

in March and Apri 1. If Lancaster Sound doe s su pport a solid 

cover it probably occurs on the western half for a brief 

p3riod during the months of April, Mayor early June. 

The writer is aware that many of the statements 

regarding the progression of freeze-up suggested in the 

above paragraphs are not heavily supported by evidence. 

The required evidence will probably become available 

within the next few years from Meteorological Branch or 

other mid-winter reconnaissance flights. If this type of 



information is not collected during those flights, 

it will probably become available from the more 

sophisti cated sensing systems which will likely be 

employed in polar orbiting satellites. Probably 

within the next two or three years the information 

co llected by the se satellites will be able to replace 

that collected during the airborne sea-ice reconnaissance 

flights presently conducted over the CanadianArctic 

Archipelago. 
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CHAnER !± 

"MASS BALANCE" OF SEA ICE IN THE QUEEN ELIZABETH ISLANDS 

Introdu ction 
The mass balance of certain glaciers has been 

studied for a number of decades but it is only recently 

that research work rela ting t 0 the ma ss balance of sea 

ice has been started. These studies have dealt mainly 

with the sea ice cover on the Arctic Ocean and the 

result s indicate that minor increases in the mean 

annual air temp3rature would be sufficient to melt aIl 

the ice within a few years (Fletcher, 1966). If the 

Arctic Ocean does become ice free major and world-wide 

climati c changes would occur. Presently no definite 

concl usions concerning the fate of the sea ic e on the 

Arctic Ocean have been given because of the lack of 

detailed mass balance measurements. 

A mass balance study of the sea ice cover in the 

strait s and channels of the Queen Eli zabeth Islands should 

be more accurate than a similar study conducted on the 

Arctic Ocean because there is more detailed data available 

relating to the concentration and the distribution of 

various typ3s of ice. However in both areas very few 

thickness measurements have been made and subsequent 

volume calculations are- not much more than Iteducated 

guesses". As a result of the lack of thickness information 

the "mass balance" pilot study described below is based 
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entirely on are al data. 

In order to present this type of "mass balance" 

study it is necessary to have a knowledge of the amount 

of ice which may drift from one area to another. This 

.information will be summari zed in the following texte 

Then the general "mass balance" during three type s of 

ablation seasons will be compared and a specifie study 

of the sea ic e "mass balance" during an 'average' tee year 

will be described and analysed. 

Drift Patterns 

General 
Generally the sea ice in the study area moves from 

the north and west to the south and east. The drifts are 

cantrolled mainly by the winds but currents are effective 

in sorne areas. General wind patterns may be deduced from 

the surface weather charts but very little is known about 

the currents except that they are assumed to be weak in 

most of the channels (Collin, 1962). 

The following descriptions are based on historie 

and recent drift data. In addition drift patterns have been 

inferred from the distribution and movement of ice islands, 

icebergs and specifie ice-floes found in the study area. 

Historie Drifts 
Although a number of vessels have drifted with the 

ice in the study area for various lengths of time only two 

of the langer drifts will be described. Both of these 

historie drifts .indicate the west to east movement in 
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Parry Channel. 

The U.S.S. ships 'Advance'and'Rescue' commanded 

by Captain De Haven were caught in the young ice near the 

south eastern tip of Cornwallis Island in September 1850 

(Kane, 1854). By the end of the month the wind had dri ven 

both vessels to the northern part of Wellington Channel. 

From here the ships drifted south and reached Lancaster 

Sound by November. By the end of the year they had 

drifted to the eastern ent rance of the sound. 

In May 1854 Captain Belcher, who commanded a number 

of ships attempting to rescue Sir John Franklin ordered 

Captain Henry Kellett to abandon his ship (McDougall, 1857). 

The H.M.S.' Resolute 'was abandoned jus t south of Cape 

Cockburn on Bathurst Island. After having drifted 

eastward through Barrow Strait and Lancaster Sound the 

ship was recovered some 16 months later in Davis Strait 

along the eastern coast of Baffin Island near the entrance 

to Cumberland Sound. 

Recent Drifts 
The known and deduced movements of ice islands, icebergs 

and ice-floes helps to augment the relatively meager supply 

of information on drifts available for the study area. 

It is believed that most of the ice is lands and ice 

island fragments found in the study area originated from 

the Ward Hunt Ice Shelf and entered the Archipelago through 

one of its northern channelso 
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There are usually a few small icebergs drifting 

in the waters of the study area. The scarcity of 

icebergs stems from the fact that there are relatively 

few tidewater glaciers entering the waters of the study 

area. 

Ice-floes are ubiquitous in the study area and it 

is impossible to identify and trace the drift of a 

specific floe unless it has a characteristic mark on its 

surface. The drift of two identifiable floes will be 

dis cus sed below. 

Ice Islands 
Ice islands and ice island fragment sare found in 

the majority of the channels in the study area. The 

distribution of these features gives more meaningful 

drift data than that provided by icebergs because the 

or igin of ic e island is known and because they aIl enter 

the Archipelago through one of the northern channels. 

Usually they enter through Peary Channel or Prince Gustaf 

Adolf Sea although a few ma y come through Nansen Sound, 

Sverdrup Channel, Ballantyne Strait or possibly 

M' Clure Strai t. 

As a result of this rather selective system of 

entering the Archipelago no ice islands are found in Hazen 

Strait, Hecla and Griper Bay, Fitzwilliam Strait or 

Crozier Channel and Kellett Strait. Usua11y M'C1ure Strait 

is free of ice islands but WH-1 did enter the westernmost 

part of this area ear1y in 1967. 



Sorne basic drift information was obtained by 

ob serv:Î!lg the movemen t s of an ice island called T-l. 

This island drifted into Prince Gustaf Adolf Sea and 
.. 
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was located by the p.C.S.P. some 60 km. north of Lougheed 

Island in September 1959. From here it drifted along 

the eastern coast of ~8ugheed Island, through Desbarats 

Strait, Byam Martin Channel and into Viscount Melville 

Sound. T-l drifted west to the meridian through 

Winter Harbour and then moved eastward in the sound until 

it began to drift south through M'Clintock Channel. 

The movements of other ice islands in the same area have 

indicated a similar drift pattern (Black, 1965). 

Icebergs 
There are a number of small icebergs distributéd 

in the study area. Up to the present time no sp;! cific 

drift information has been obtained from tracing the drift 

of a specific iceberg. However it is possible to 

infer the drift of these features by noting their position 

and estimating their place of origine In the following 

description of the drifts in specific areas the presence 

or absence of icebergs will be used to help support the 

observations given. 

Ice-Flo.~s 
The drift of two specific ice-floes, one carrying an 

abandoned helicopter and the second called Station Charlie, 

indicates the gene raI dri ft pa tterns in two separate 

parts of the study area. 
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During the summer, 1963, a helicopter was 

abandoned on a polar ice-floe in Prince Gustaf Adolf 

Sea mid-way between Isachsen and the northern part of 

Borden Island. This floe began to move south around 

August 20 and had reached the middle portion of Byam 

Martin Channel before freeze-up stopped the ice from 

moving in 1963. 

Station Charlie sometime s called ALPHA II was 

the second D.S. ice-floe station set out on the Arctic 

Ocean. It was set up on a polar ice-floe approximately 

460 km. NNW of Point Barrow on April 29, 1959. After 

a brief drift the station was abandoned on January 7, 

1960 at 76°55'N, 1690 04'W because of hazardou~ ice 

conditions. Russian observers claimed that Station 

Charlie was loeated at 790 N, 1770W in April 1960 and 

at 83 0 N, 1550 W in April 1961. The R.C.A.F. loeated the 

remains of the stati on at 82
0

28 'N, 1300 00 'W in May 

1962. The floe was not seen again until June 22, 1964 

when the P.C.S.P. located it in M'Clure Strait at 

74°39'N, 1210 35'W or 10 miles north of Cape Wrottesley 

on Banks Island. 

Although the P.C.S.P. did not locate Station 

Charlie during 1963 it is likely that it entered M'Clure 

Strait in the fall of that year. Station Charlie was 

loeated one more time during the summer of 1964 but it 

has not been sighted sinee although pieees of ice similar 



to those accompanying the station have been found 

further east in M'Clure Strait as well as along the 

western coast of Banks Island. 

Movemen ts in SEe ci fi- c Are.~ 
The movements unique to this strait are probably 

the least well known of any in the study area. Even 

though Station Charlie moved into the westen1 part of 

the strait far a few months little information was 
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gained concerning the overall drift patterns. Similarly 

the ice island WH-l moved into the strait early in 1967 

but little drift information resulted because the island 

remained almost stationary close to the north coast of 

Banks Island for the duration of the 1967 observation 

periode 

The winds seem to be the mrln controlling factor 

of ice drift or movement on IvI'Clure Strait. In sorne years 

the strait become s relati vely ice-free at the end of the 

ablation season orily to be filled up with polar ice driven 

in by westerly winds. In other years practically no polar 

ice penetrates more than a few miles into the strait. 

Crozier Channel, Kellett Strait and Fitzwilliam Strait 
The straits separating Prince Patrick Island from 

Melville Island show a weak southerly drift. When the ice 

cover in these areas shatters the floes move south into 

M'Clure Strait. The weak surface drift in these areas 
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is shown by the fact that a moderate southerly wind 

last:ing a few hours will reverse the drift "pa ttern and 

send the floe s agains t the water movement. 

Prince Gustaf Adolf Sea ànd Byam Martin Channel 
From the drift of T-l and the ice island fragments 

distributed along the western coast of Ellef Ringnes 

Island, it is assumed that a southerly ice drift is the 

norm for Prince Gustaf Adolf Sea. Since ice island 

fragments can be located on either side of Lougheed Island 

the southerly drift extends to Byam Martin Channel and 

and proceeds through Austin and Byam Channel into Viscount 

Mel ville Sound. Although T-l drifted westward through 

Desbarats Strait before turning south this drift is 

considered to have been a result of the winds. Indeed aIl 

the movements in this area are likely to be wind induced 

because no surface currents have been described. There are 

a numb er of fragment s of ic e island s strung ou t along 

the eastern coast of Melville Island in Byam Martin Channel 

and Byam Channel. Few ice islands exist along the eastern 

side of Byam Martin Channel but bo th the e astern and we stern 

coasts of Byam Martin Island have a number of grounded 

fragments. These fragmen~s indicate that, if the ice 

concentration permits, the floes will drift south into 

Viscount Melville Sound on either side of Byam Martin 

Isl and. 

Viscount MelVille Sound 
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The ice island fragments on Viscount Melville 

Sound are concentrated in specifie areas. The northern 

portion of the sound is one of these areas and particularly 

in the region previously described as the parry strip. 

A number of fragments are usually found between Cape 

C'ockburn and Byam Martin Island and this string extends 

along the sout hern coast of Byam Martin Island an~ 

across the southern entrance of Byam Channel to the 

southeastern tip of Melville Island. 

From this tip numerous fragments of ice islands 

may be located a few miles from the southern shore of 

Melville Island all the way to the latitude of Winter 

Harbour. The distribution of these fragments is not a 

unique occurrence because Lieutenant W. E. Parry 

(Parry, 1821) noted similar objects in 1819 and so did 

Captain Bernier almost 100 years later (Bernier, 1910). 

These masses were of very great assistance to Parry as 

his ships could navigate between the fragment and the 

shore thus allowing the fragment to bear the brunt of 

the floe s which otherwise would have cracked his ship. 

Lieutenant Parry was very careful to note that one must 

not jùmp to conclusions concerning the direction of the 

drift in the Parry strip area because he believed that the 

wind had a considerable influence. However Captain 

Bernie r believed that the gene ral drift in Vis count 
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MelVille Sound was easterly e specially in the area 

south of Dundas Peninsula. This may be the case for 

drifting ice in the western part of Viscount Melville 

Sound but the distribution of ice islands along the 

northern portion of the sound as far as the latitude 

of Winter Harbour and the drift of T-l indicates that 

there is a westerly drift from the vicinity of Cape 

Cockburn on Bathurst Island as far as Winter Harbour. 

It might be stated here that it is assumed that no 

ice islands reach Winter Harbour fram the west because 

up until the present time no ice islands or ice island 

fragment s have been located in eastern IVI' Clure Straite 

After an ice island reaches the area to the south of 

Winter Harbour there is a question as to whether 

it changes its course like T-l and drifts south and 

then east or drifts south and then west. Although 

T-l drifted east it appears that at least two fragments 

are tending to drift to the west from the center of 

Viscount Melville Sound. These fragments ":2re located 

in the late fall of 1965 and again before break-up 

began in the following season. During the freeze-up 

period they moved from the western portion of Viscount 

Melville Sound into the eastern portion of M'Clure Strait. 

There are very few if any ice island fragments in 

southern portion of Viscount MelVille Sound. A few 

fragments are strung out from east to west in the center 
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of the sound mid-way between Stefansson Island and Byam 

Martin Island. 

To summari ze the general statement s made above it 

apP3 ars that the ice in Vis count Mel vi lle Sound tends 

to move ta the west in the northern and western portions 

of the sound. However, from the distribution of ice 

island fragments it appears likely that ice in the 

central and eas'tern porti on s drifts southeast from 

the area south of Winter Harbour across the entrance to 

M'Clintock Channel and into the southern portion of 

Barrow Strait. It is likely that the winds are the main 

causes of drift in this area. 

M'Clintock Channel 
The distribution of ice island fragments in 

M'Clintock Channel indicates that the overall Olovement of 

sea ice proceeds in a southerly direction. Although there 

are a few fragments in the central portion of the channel the 

majority are located along or close to the eastern coast of 

Victoria Island. While T-l remains relatively stationary 

at7l0 l7'N, 104°W the fragments pass it by and continue to 

drift thrcugh Victoria Strait. Once a fragment has passed 

through this strait it will soon ablate and disappear. 

Northern Channels 
For an ice island fragment to enter one of the 

northern channels of the Queen Elizabeth Islands it must 
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be present at the northern entrance to the se channels 

when they begin to break-up and move. These channels 

do not break-up every year. For example no polar ice 

or ice island fragments were allowed to enter the study 

area fromfue late fall of 1963 up until the summer of 

196$ because the northern channels such as Nansen Sound, 

Sverdrup Channel, Peary Channel, Prince Gustaf Adolf Sea 

or Ballantyne Strait did not break up. There was a large 

southerly movement of polar ice through these cbannels 

in 1961 and 1962. At that time many ice islands were 

swept into the Archipelago. The fragments'first to enter 

the ~~chipelago drifted into the more southern areas 

while the last fragments to enter have been trqped in 

the same positian for at least four years. There are 

a few chunks in the northern central part of Peary 

Channel and in the lee of Meighen Island while the 

middle and southern parts are almost ftee of ice islands. 

Hassel Sound, like Sverdrup Channel, has a few fragments 

trapped in its ice cover but it is likely that most of 

the fragments drifted out of these areas during the 1963 

break-up season. Massey Sound hosts a number of fragments 

in its northern section and like the fragments in Hassel 

Sound they wi Il mo ve to the south when the break-up 

season allow s. 

The general trend of the surface drift in Nansen 
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Sound and Eureka Sound is from north to south. This 

observation is confirmed by surface current measurements 

(Qilin, 1962). The drift of a number of icebergs also 

substantiates this observation. 

N orwegian Bay 
It might be assumed that fragments entering Norwegian 

Bay from Massey Sound would drift directly south 

between Graham Island and Cornwall Island. In reality 

the fragments appear to move along the northern part of 

Norwegian Bay before moving south betweenGraham Island 

and the southwestern part of Ellesmere Island. 

Unnamed Region North of Penny Strait 
Ice island fragments entering the large unnamed body 

of water north of Penny Strait from either Maclean or 

Hassel Sound to move toward the northern entrance of 

Penny Strait. From Hassel Sound the ice islands appear 

to drift almost directly south to Penny Strai t. No 

fragment s have been recorded in Belcher Channel pro per 

but there are a number of fragments (at least two dozen) 

to the north of Crescent Island. It might seem that 

these fragments would enter Belcher Channel as they are 

closer to it but they will probably move south through 

Penny Strait as numerous others have done. 

Hell Gate and Cardigan Strait 
If a fragment manages to drift across Norwegian 

Bay to the entrance to Hell Gate or Cardigan Strait it 

has a good chance of moving into Jones Sound provided 

that the fragment is small enough to pass through the se 

narrow channels. During the 1965 break-up season a 
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fairly large fragment was observed in Norwegian Bay 

between Hell Gate and Graham Island. - By mid-September 

this island had moved across the southern part of 

Norwegian Bay and at least half way through Hell Gate. 

See Figure 6. By the spring of 1966 it had moved into 

Jones Sound whe re it remained tra pped in the cons olidated 

cover just east of the entrance to Cardigan Strait. 

During its trip through Hell Gate the ice island maintained 

its Shape. However it was severely reduced in thickness 

by the currents during its trip through Hell Gate and 

during its stay at the mou th of Cardigan Strait. As a 

result of this ablation the island was in an advanced 

state of decay early in the 1966 season and subsequently 

disappeared before its movements on Jones Sound could 

be traced. Although a certain amount of sea ice passes 

through Hell Gate and Cardigan Strait during the year it is 

the exception rather than the rule to find ice islands 

in Jones Sound which have passed through the narrow 

channels at its western end. 

Penny Strait and Queens Channel 
Once an ice island fragment or -an ice floe enters 

the northern part of Penny Strai t i t drifts very rapidly 

,;, '\ 
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through the remainder of the strait and moves into 

the sauthern portion of Queens Channel. A few fragments 

drift along the eastern coast of Bathurst Island but they 

do not remain in the sou'th western part of Queens Channel. 

Very few fragments move into McDougall Sound and few 

escape through the northern cbannels lead~ng from Queens 

Channel into Wellington Channel. The majority of the 

'fragments entering Queens Channel accumulate in large 

numbers just west of the entrance to Maury Channel. 

This channel is the main exit for fragments from Queens 

Channel. 

Wellington Channel 
Once an ice island has passed through Maury Channel 

it drifts south in Wellington Channel along the eastern 

coast of Cornwallis Island. A few fragments and bergs 

have been located along the northeastern coast of Wellington 

Channel but these pie ces were probably moved by a northerly 

drift along the eastern side of the channel.' 

Barrow Strait 
As the fragments move out of Wellington Channel into 

Barrow Strait they drift around the southeast corner of 

Cornwallis Island. Here they may be joined by small 

icebergs. Both the fragments and the bergs continue 

moving west along the southern coast of Cornwallis 

Island. Usually two or three of these ice masses are 

present off Resolute Bay. 

During attempts ta mark one of these fragments with 
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concentrated sea marker dye a rock sample was 

recovered. This sample was reported to have originated 

from the northern coast of Elle smere Island in the 

vicinity of Ward Hunt Island (R. Christie, personal 

communication) •. 

The ice island fragments continue moving west in 

Barrow Strait between Griffith Island and Cornwallis Island 

and usually a number of them become grounded in the bays 

along the southwestern coast of Cornwallis Island. From 

the southwestern tip of Cornwallis to the southeast part 

of Bathurst Island the fragments seem to move in a 

westerly direction. As was the case with Cornwallis 

Island a number of fragments are located in Barrow Strait 

along the southern coast of Bathurst Island. The se 

fragments seem to concentrate in the vicinity of Cape 

Cockburn. From he re the pie ces of ice islands may 

continue to drift westward when the conditions are 

appropriate or begin to drift to the south. The H.M.S. 

'Resolute' referred to earlier probably followed the 

latter course. 

Fragments which drift south in the western portion 

of Barrow Strait begin to drift eastward when they reach 

the area north of Prince of \\Tales Island. They continue 

drifting eastward between Russell and Lowther Islands. 

Once a framnent has passed through the channel between 

Russell and Lowther Island it will probably move ac~oss 
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the northern entrance to Peel Sound but occasionally 

some fragments move south into Peel Channel. By the 

tirne the smaller ic e island fragments reach that 

porti en of Barrow Strait north of Sommerset Island 

they have been censiderably ablated and only a few 

of them move eastward out of Barrow Strait. 

Lancaster Sound 
As indi cated by the drifts of the U .S. S. 'Advance' 

and ,Rescue' and the H .M. S. 'Resolute' there is a general 

easterly movement through Lancaster Sound. However 

the appearance of icebergs along the southern coast of 

Devon Island indicates a westerly drift in this area. 

"Mass Balan ce" 

Area Investigated 
In order to calculate the area of sea ice in the 

study area it was necessary to break the region down into 

a number of subsections. This was accomplished by using 

the channels and straits as subdivisions. The boundaries 

of these bodie s of water have been described in the 

"Pilot of Arcti c Canada". These boundarie s were plotted 

on a 1:4,000,000 Lambert Conical Projection map with 
o 0 

standard parallels at 64 and 68. Figure 15 shows the 

areas considered and Table 3 gives the key for the 

numbers on the figure as weIl as some of the basic 

relation ship s among the areas. The area of e ach channel 

was derived by counting the squares on gridded paper and 
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then converting these areas to square kilometers. 

The accuracy of thi s me thod may vary from tha.t of the 

average of man y planimeter readings for each area. 

However it was fel t that this type of accuracy was not 

justifiable because the areas were measured from a 

relatively small scale map and the resulting figures 

were to be rounded off the nearest 10. 

Most of the subsections chosen represent one 

specifie body of water but some of the smaller areas 

were grouped together. The asterisks after certain entries 

in Table 3 indicate partial areas, unnamed areas, and 

areas which were grouped together. For example area 

number nine includes Crozier Strait, Pullen Strait, and 

McDougall Sound. Also, Maury Channel has been grouped 

with Queens Channel to form the area numbered 21. 

Together Hell Gate and Cardigan Strait form are a number two. 

The areas numbered 6,22,25,33 and 40 represent only a 

part of each channel. The unnamed areas are numbered 

15,29,32 and 35. The boundary between areas 32 and 35 

has been arbitrarily chosen because Desbarats St rait was 

not described in the "Pilot of Arctic Canada". 

Comparati vs "Mass Balance" 1962, 1964, and 1966 
Considerable fluctuations in the areal extend of 

the ice cover on the straits and channels of the Queen 

Elizabeth Islands may occur from year to year. 

Evidence of these fluctuations are presented in Table 4. 
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0 ";',',1 TABLE 3 

ARE.I\S S URVEYED 

AREA NANE MI LES 2 K ILOHETER.'3 2 % OF TOTAL AREA 

1. Hendriksen Strait 320 B30 .2 
2. He11 Gate~} 600 1550 .4 

--} ... Byam Channel 640 1650 .4 
4. "Penny Strait 680 1750 .4 
5. Fitzwi1liam Strait 720 1860 .4 
6. "Prince of Wales Strait* B80 2280 .5 
7. Wilkins Stl'ait 1000 2580 .6 
B. Crozier Channel 1040 2680 .6 
9. NcDousall Sound* 1080 2790 .6 

10. Sverdrup Channel 1240 3200 .7 
11. Kellett Strait 1280 3300 . .B 
12. . Ballantyne Strait 1280 3300 .B 
13. Belcher Channel 1320 3400 .B 
1/". Ra8sel Sound 1630 4230 .9 
15. Urù1amed are8.~~ 1880 4850 1.1 
16. Eureka Sound 1880 4850 1.1 
17. Greely Fiord system 2030 5260 1.2 
18. Nassey Sound 2030 5260 1.2 
19. Hazen Strait 2110 5470 1.2 
200 Austin Channel 2190 5680 1.3 
21. Queeris Channel* 2230 5780 1.3 
22. H'Clintock Channe1~f 2750 7120 1.6 
23. Recla and Griper Bay 2830 "/330 1.6 
24. Nansen Sound 2870 7430 1.7 
25. Peel Sound-!} . 2870 7430 107 
26. Peary Channel 3070 7960 1.8 
27. Hac1ean Strait 3150 8160 1.8 
28. Wellington Channel 3150 8160 1~8 
29. Unnamed area-!} 4070 10530 2.4 
30. Byarn Nar'Un Channel 4460 11560 2.6 
31. Prince Gustaf Adolf Sea 5220 13530 3.0 
32. Unnai'ned area* 5780 14970 3.3 
33. Prince Regent. Inlet~} 8090 20'160 4.7 
34. Jones Sound 8250 21370 L~.8 
35. Unnamed area~} 8730 22610 5.0 
36. Lancaster Sound 9330 24160 5.4 
37. NOl'Hegian Bay 9680 25090 5.6 
38. Barrow Strait 9960 25810 5.8 
39. M'Clure strait 17340 41,,910 10.0 
40. Viscount Helville Sound 3~1~0 81,,0/,,0 18.9 

TOTALS 172057 41~574l 100.0 
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TABLE 4 
ir 

SUMMARY: AREA OF IGE AT THE END OF EAGH SUMMER MONTH 
1962, 1964, 1966. 

June % July % Aug. % Sept. % 
1962 386840 87 208600 48 141490 32 290490 65 

1964 399380 90 378480 85 321570 72 352600 79 

1966 410860 92 356650 80 299540 67 365080 82 

il Summarized from Appendix III, Tables, i, ii and iii. 

The values in per cent given above and in the following 

tables represent the ratio of existing ice cover to the 

total possible area which could be ice co vered. 

The differences between the Ï966 season and that of 

1964 as shown in Table 4 are not very large but the 

variation between 1962 and 1964 certainly shows that the 

former was a 'good' ice year while the latter was a 'poor' 

year. 

If it were possible to calcula te the vo lume ins tead 

of the area the data would be of more use. Hopefully sea 

ice thickness data will soon be recorded during airborne 

ice reconnaissance flights. Until that time basic studies 

such as this one will be limited to the consideration of 

areas rather than volumes. The export, import and ablation 

values presented below are limited in the same way. 

However, it is hoped that the data given here will be 
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useful in laying the ground work for future and more 

detailed studie s of the "mass balance" of sea ice in the 

Queen Elizabeth Islands .. 

"Mass Balance 1966" 
The 1966 summer season was selected for this "mass 

balance" study because it represents patterns of ice 

distri buti on and movement which appear in the Que en 

Elizabeth Islands during an 'average' ice year. 

It is difficult to base the measurements of import, 

export, and ablation on specifie facts because the knowledge 

of the rates and patterns of movement in the area is 

limi ted. The following descri pt ion of the 1966 "mass 

balance" is based on the foregoing out line of the various 

drift patterns and the distribution of ice in 1966 plus a 

considerable amount of subjective judgement. 

IVIeth od s U ded 
A number of table s wi 11 be gi ven to help describe 

the gene ral "ma ss balance" of ice the various parts of the 

study area for the four summer months in 1966. The basic 

data is presented by the last four tables (iv to vii) 

in Appendix III. This information is summarized in the 

text by tables fi ve and six. 

Tables iv to vii give a very detailed breakdown of 

the import, export, ablation or formation of ice by area. 

A number of steps were taken to determine the 
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various areas represented in the tables. The 

main steps are outlined below. 
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The total area of open water present a t the end 

of the month (column four) in any one of the fort y areas 

studied was determined by subtracting the total are a of 

ice (column three) from the total area of the water body 

given in column one. To calculate the total expansion 

{+} or contraction {.} of open water {column five} 

in any specifie area during the month the amount of 

open water at the end of the previous month {column two} 

was subtracted from column four or the area of open 

water at the end of the present mon th. During this 

pro cedure it was ne cessary to ke ep track of the sign 

{+} or {-} in or der to show whe ther or not the area of 

open water had expanded or contracted during the month. 

It was more difficult to calculate the: figures 

in the rema ining columns and a considerable amount of 

subjective judgement and interpolation was necessary. 

Generally the area of ice ablated (column eight) plus 

the area of ice exported (column seven) minus column 

six or the amount of ice imported results in the total 

expansion or contration shown in column five. 

Pos sible Sources of Error 
In most cases the area of sea i ce ei the r exported 

was negligible (nil) and the amonnt ablated could be 
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readily calculated. However in areas where ice was 

simultaneously imported, exparted, ablated or formed the 

accuracy of the figures in columns six, seven and eight 

may be considerably below 70%. 

Additional errors result from the fact that the 
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areas were calculated on the basis of one month intervals. 

If each area could be surveyed every two days or once a 

week the movements, formation or ablation of the ice cover 

could be calculated more accurately. Another type of error 

that will be quite obvious to the reader stems from the nil 

statements given in column eight. It is impossible to 

believe that no ablation occurs in these areas during the 

summer months. The nil term is used in column eight to 

express the fact that the area of ice did not change due to 

ablation but this must not be construed to mean that the 

volume of the ice cover remained the same. 

Although errors may occur in sorne of the data 

presented in the tables there are a certain periods when 

the results are quite accurate. For example Hendriksen Strait 

was solidly covered during June. By the end of July 

at least 580 square kilometers of o~n water existed .' 

in the central part of this strait. At that time the 

ice at either end of the strait remained solid and it can 
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be assumed that 580 square kilometers of sea ice 

ablated because no ice could be exported or imported. 

On the other hand areas like Viscount Melville Sound 

may import sea ice from M'Clure Strait, Austin Channel, 

Byam Channel, Barrow Strait, or M'Clintock Channel. 

In addition it may be able to export sea ice into a few 

or aIl of the se areas depending on the prevailing wind. 

Once the cover on all these channels has shattered and 

is in motion it is extremely difficult to determine 

whether Viscount Melville Sound exports or imports sea 

ice from M'Clure Strait, M'Clintock Channel or, Barrow 

Strait. 

General Trends 
Even though the accuracy of the figures showing 

the area of sea ice ablated, exported or imported in 

specifie areas may vary considerably from the real 

situation the results presented in the ~ollowing table show 

that the over aIl trend is what one might expect. 

For examp1e 
TABLE 5 

1i: 2 
SUlVIrvlARY: ARl!:A (km ) EXPORTED IMPORTED ABLATED OR FORIvED -

SUMMER 1966 

Exported Imported Ablated Formed 

June 4640 4480 5590 

Ju1y 12970 13850 49030 

August 21190 22460 59330 

September g840 8840 '18100 
4640 49630 113950 78100 



Leaf 123 omitted in page numbering. 
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~ Areas are the sums of columns six, seven and eight, 

Appendix III, Ta.bles iv, v, vi and vii. 

The figures for export and import given in this table 

show that there is relatively little movement in June 

with increasing movement in July and maximum movement 

in August followed by a reduction in September. The 

ablation begins in June but is concentrated in July 

and August and little occurs in September. In 

addition, the figures showing formation conform with 

the general trend because sea ice doès not begin to 

form until September. It should be noted that the 
, 

78100 square kilometers of sea ice formed during 

Sept.ember take in all types of young ice. 

If, as suggested above, the ice conditions in 

the Queen Elizabeth Islands in during the summer of 1966 

represent those of an average ice year then the figures 

in Table 6 represent the average areas of sea ice exported, 

imported, ablated and formed between June land September 

30 of that year. About 40% of the entries in this table 

are shown as Nil. About 70% of these nil readings are a 

re suIt of areas like Wilkin s Strait and ten others 

where no ice was imported or exported nor wasthe area 

redu ced by ablat ion or in creased by forma ti on 0 The 

rernaining 30% of the nil readings result from areas such 

as Massey Sound which did not import or ablate any ice 

during the season although some ice was exported. 
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In this table (6) the percentages indicate the 

total area of sea ice which was exported, imported, 

ab la ted or forma d during the entire summer for each 

of,the fort y straits and channels. Although it is 

not Shown in Table 6 it is certain that export, import 

and formation continue in some areas during October 

and even later in other areas. The information 

summarized in this table is the key for the following 
,-

generalizations describing the main areas where sea ice 

may be exported, imported or ablated. Although the 

infonna tion gi ven in Table 6 relates to the condition s 

in a specifie year (1966) the description below will 

interpret the data to show the main areas of sea ice 

export, import or ablation during any type of ice year. 

Area of Ice ElEPorted, 
Theoretically every strait, channel or sound in the 

study area is capable of exporting sorne area of sea ice 

at different times of the year. However only the sea 

ice exported during the summer months of an average ice 

year is considered here. Within these limits certain 

areas export a considerable amount while other areas 

export practically none at aIl. It might be expected 
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that Lancaster Sound and Jones Sound export the largest 

areas of sea ice. This idea is not borne out by the field 

investigations nor in the data presented in Table 6 

(see area 34 and 36). Since these channels eocport very 
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D '. :,' . . '. 
(km2) EXPORTED, It{PORTED, ABLATED OR Fqlli~D - SU~ŒR 1966 TOTAL AREA 

AREA NMŒ EXpORT % n·1PORT % ABLATE % FORH ~~ 

1. Hendriksen Str. Nil Nil 530 64 "/80' 94 170 20 
2. Hell Gate* Nil Nil 580 37 580 37 Nil Nil 
3. Byam Channel 1790 108 200 12 60 4 1650 100 
1~. Penny Stra'it 2910 166 1930 110 510 29 920 53 
5. Fitzuil1iam Str. 1770 95' Nil Nil 90 5 1860 100 
6. Prince of Wales Str.* 100 4 Nil Nil .700 31 570 25 
7. Wilkins Strait Nil Nil Nil Nil Nil Nil Nil Nil 
8. Crozier Channel 1900 ' 70 900 34 240 9 1240 46 
9. HcDouga.1l S01l..'tld 2MO 77 Nil Nil 650 23 2650 95 

10. Sverdrup Channel Nil Nil Nil Nil Nil Nil Nil Nil 
Il. Kelle"l:i Strait 860 26 870 26 200 6 190 6 
12. Ballantyne Strait Nil Nil Nil Nil Nil Nil Nil Nil 
13. Belchel' Channel Nil Nil Nil Nil 300 9 Nil Nil. 
14. Hassel Sound Nil Nil Nil Nil Nil Nil Nil Nil 
J.5. Unnamed Area~' Nil Nil Nil Nil Nil Nil Nil Nil 

,16. Eureka Sotmd Nil Nil 300 6 3460 71 3110 64 
17. Greely Fiord System Nil Nil 200 4 3350 64 3150 . 60 
18. Na,ssey Sound 160 3 Nil Nil Nil. Nil ~Jil Nil 
19. Ha:zen st rait Nil Nil Nil Nil Nil Nil Nil Nil 
20. Aus'Un Channel 5960 105 400 7 120 2 5110 90 
21. Queens Channe1* 200 3 2910 50 6880 119 1850 32 
,22. rvnClintock Chrinne1~~ 1920 27 1500 21 1420 20 1130 19 
23. Hecal and Gri~er B. Nil Nil Nil Nil Nil Nil Nil Nil 
24. Nansen Sound' 500 7 Nil Nil 250 3 750 10 
25. Peel SoUt"1d* 1100 15 Nil Nil 6330 85 6690 90 
26. Peary Channel Nil Nil . Nil Nil Nil Nil Nil Nil 
27 ô Haclean Strait 200 2 Nil Nil' Nil Nil 200 2 
28. Hellin[;ton Channel 2420 30 200 2 591+0 73 4960 61 
29. Urmamed Area* Nil Nil Nil Nil Nil Nil Nil Nil 
30. Byarn Yartin Channel 600 5 Nil Nil 170 1 190 2 
310 Pro Gust~f Adolf Sea Nil Nil Nil Nil ni1 Nil Nil Nil 
32. Un.'1amed Area'~ Nil Nil Nil Nil l-T' , .~- Nil Nil Nil 
33. Prince ~ezent Inlet* 11510 5/+ 500 2 1710 8 2050 10 
34. Jones SOW'1d Nil Nil Nil Nil 21270 99 Nil Nil 
35. Un\1SJi10d Area~ 2460 Il 200 1 Nil Nil 2260 10 
36. Lancast.er' 8otL"1d Nil Nil 11710 1~8 13740 57 2250 9 
37. NOr\'legian Bay 580 2 160 1 43!~0 17 12250 49 
38. Ba.:':'r'Oi·T Strait 1000 4 10360 40 31900 123 17630 68 
39. M'Cltœc Strait 860 2 8/~30 19 3660 8 2280 5 
40. Viso t-rcMlle Sotmd 7700 9 7750 9 5.300 6 2990 4 

TOTALS 486/,,0 49630 113950 78100 
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little sea ice into the seas surrounding the Archipelago 

and very lit tle if any sea ice is exported from the 

northernmost channels into the Arctic Ocean there are 

only four other areas where ice may be exported from 

the study area. However the surface drift in Prince 

of Wales Strait precludes any export and the trends in 

Prince Regent Inlet seem to indicate that ice is 

exported from ,thi s inlet to Lan caster Sound rather 

than through Fury and Hecla Strait. The amount of ice 

exported fromthe study ar ea ·through Peel Sound seems to 

be almost nil. There remains one main avenue into which 

large areas of sea ice may be exported. This avenue is 

M'Clintock Channel. 

Within the area certain channels export a 

consi derable amount of i ce in relat ion to the total 

amount of sea ice available. For example, Byam 

Channel and Austin Channel each export more than 100% 

of their total area. However Penny Strait exports at 

least one and a half times its total area. These three 

channels with the additi on of Fit zwilliam Strait are the 

main routes througp which sea ice is exported from the 

more central parts of the study area because Hell Gate 

exports very lit tle. 

Although export occurs in the above mentioned and 

other channels (see Table 6) it is likely that the total 

area of sea ice exported from the study area during the 
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four summer months of an 'average' ice year amounts 

to less than 3000 square kilometers. This is not 

very large when it is compared w ith the total pos si ble 
2 area, 445,7hO km , of ice which could be exported nor is 

it very large when it is compared with the total of 

48,640 km2 which moves fn)m one channel to another within 

the study area during an average year. 

Area of Ice Importeq 
There are a number of areas through which sea ice may 

be imported into the region. However during 1966 the most 

important areas for imports namelY'Nansen Sound, Sverdrup 

Channel, Peary Channel, Prince Gustaf Adolf Sea, and 

Ballantyne Strait did not break up. As a result no sea 

ice was imported into the study area through these 

channels. If Jones Sound or Lancaster Sound received any 

imports the total area was almost negligible. One area, 

M'Clure Strait, remains. Probably sorne sea ice was 

imported into this area from the Beaufort Sea, but it is 
2 

unlikely that the total area exceeded 9,000 km or 

approximately 20% of the total area of M'Clure Strait o 

As was the case with the exports, certain straits 

and channels in the study area imported a greater amount 

than others. With the exception of M'Clure Strait, the 

main areas which received imports of sea ice were 

Lancaster Sound, Barrow Strait and Viscount Melville 

Sound. Each of the se areas was augmented by approximately 
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10,000 km of ice during the season. In addition, 

2 
approximately 12,000 km of ice were imported by Queens 

Channel, Penny Strait and slightly less than 1,500 km
2 

by M'Clintock Channel. 

Area of Ice Ablated 
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The approximate areas of ice imported into, 9,000 
2 and exported from 3,000 km , the study area suggests 

that there would be a net gain of 6,000 km2 of sea ice 

if there was no ablation or melting during the season. 

There was a considerable amount of ablation during the 

summer season of 1966. An are a at least 18 times that 
2 

of the net gain or approxi rnately 114,000 km (see Table 6) 

of sea ice were ablated from the waters of the straits and 

channels in the study area. 

As stated earlier i t is likely that aIl of the 40 

straits and channels in the area lost some of their volume 

through ablation even though some of these areas are 

represented by Nil in Table 6. However this table shows 

the area, not the volume, of sea ice which was ablated. 

Althoug,h ablation reduced the area of sea ice in 65% 

of the channels by 113,950 km2 there were seven main areas 

which accounted for 80% of the total area ablated. The 

greate st ablat ion oc curred in Barrow Strai t where 31900 km2 

or 30% of the total ice cover ablated in the study area 

disappeared. Second was Jones Sound which ablated 

18% or 21,270 km2• The remaining areas 



were Lancaster Sound 12%, Queens Channel 6%, Peel 

and Wellington Channels with 5% each and Viscount 

Melville Sound which ablated 4% of the total area of 
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sea ice ablated in the study area. AlI these channels 

with the exception of Janes Sound and Lancaster Sound 

exported sorne area of sea i ce. This would suggest that 

the maximum area they could ablate is shown in the 

ablation column of Table 6. The fact that Jones and 

Lancaster Sound did not export large am ou nt s suggests 

that they have the potent:tal to ablate a greater area 

of sea ice than they did in 1966. The maximum area 

that ei ther of the se two s:>unds may ablate remains 

unknown. 

Summary . 
The various summaries given in this chapter show 

the amount of sea ice which is likely to exist in a 

particular part of the Canadian Arctic Archipelago during 

'good', 'bad' and 'average' ice years. One year, 1966, 

was chosen to represent the normal candi ti on and the 

am ou nt s of sea ice exported, imported ab la ted and formed 

in the s tu dy area were co ns idered for each of four summer 

months in that year. The methods used to determine the 

area of sea ice were extremely crude and unsophisticated 

but this system was chosen because the number of observations 

were few and did not meri t a detai led analysiso As a 

result much of the data presented was highly generalized 
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and sorne of it was interpolated on the basis of three 

summers during which the ice conditions in this area 

were observed. 

It is quite likely that a more detailed analysis 

of the same basic data would result in figures somewha t 

different from those presented in the tables. Even 

though this situation might exist the basic trends will 

be the same. No attempt was made to balance the various 

figur es but the overall results do correlate wi th the 

movement patterns and the usual ice distribution patterns 

which exist in the study area during each ablation season. 

This chapter represents the first step or pilot 

study in a series of studies which will be gradually 

developed to pro vide a more detailed description of 

the "ma ss balance" of sea ice in the Canadi an Arctic. 

Although only four months of one summer season \tIJere 

outlined above the next effort will include the "mass 

balance ll for aIl the suromars during which sea ice data 

has been recorded in the study area. While these 

investigations are being conducted a concentrated 

effort ""i Il be made to develop some system that can be 

used to give the thickness of the ice which exists in 

the area. 

If an acceptable system can be developed to give 

the thiclmess then the "mass balance" studies can be 
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converted from the basic areal approach into the more 

meaningful volume approach. There are a number of methods 

which are presently available to guess at the thicknesses 

of the various types of sea ice. What is needed is 

something on which to base these guesses. A programme 

will likely be conducted in the summer of 1968 to 

accurately describe the variations in thickness as the 

ablation season progresses. This information will at least 

give sorne basis of guessing at the sea ice thicknesses in 

other parts of the study area. Of course the final solution 

to the thickness and thus the volume problem can only be 

resolved with the perfection of an airborne sensing 

device which records ice thickness. Although many 

attempts have been made to perfect such an instrument 

at the present none have been successful. Hopefully 

this gadget will be available within one or two years 

but until it is, the volume, which is possibly the 

most important part of sea ice mass balance studies will 

remain unknown. 

Although this problem remains to be resolved there 

can be no doubt that sorne of the straits and channels of 

the study area play a larger part in importing, exporting 

and ablating sea ice than other areas. Lancaster Sound 

and Barrow Strait import the greatest area of sea ice. 

Prince Regent Inlet and Viscount Melville Sound export 



more square kilometers of sea ice than any of the 

other areas while Barrow Strait, Jones Sound and 

Lancaster Sound are the most important areas for 

the ablation of sea ice. The final and possibly 

most important observation of the sea ice "rnass 

balane en in the stu dy area during an average ice 

year is the relatively small area of ice which 

is exported. fluring the 1966 season more than 25% 

of the total ice cover was ablated within the 

area whi1e le ss than 1% of the total cover was 

exported fro m the study area o 
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CHAPTER 5 

CONCLUSION 
, '.' 

General Synopsis 
It would be repetitive at this stage to attempt 

to summarize the foregoing chapters as each chapter 

i t se lf con t aine d a summary 0 f t he pro ce dur e s us ed 

to collect, map, and present the sea ice data. The 

type of operation, the variaus types of ice, the 

system used to record the data and the methods of 

cartographie representation were the basic factors 
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described in the first two chapters. The next chapter 

presented the general patterns of break-up, freeze-up 

and movement of sea ice in the Queen Elizabeth 

Islands region. These three chapters formed the basis 

for the inferences and conclusions stated in chapter 

four which described the general "mass balance" of 

sea ice conditions in the region. The "mass balance" 

study was curtailed by the lack of ice thickne ss data. 

However the import, export and ablation was shown by 

means of area rather than volume. It appears that only 

a small area of sea ice is exported from the region during 

an average year and that only small quantities of sea 

ice are imported. The largest amounts of ice were 

ablated in Jones Sound, Lancaster Sound and Barrow 

Strai t. 



Sea ice information has been collected for a 

number of years. With this background of information 

future investigations must concentrate on specifie 

factor s which influence and control the conditions 

that have been preViously described. Of course the 

regular ice surveys must be continued. There are a 

large number of spe cific studies which may be 

conducted from the geographical point of view but 

these studie s would be much more me aningful if they 

could be tied in with associated studies in other 

disciplines. For example a detailed·study of the 

mass balance of sea ice in the waters of the Canadian 

Arctic Archipelago would require the combined efforts 

of Glaciologists, Oceanograpœ rs, Meteorologists, 

Physicists and Geographers. If an interdisciplinary 
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plan could be evolved with specifie aims and tasks 

allocated for the group as weIl as individual investigators 

many of the unknown factor s rela ted to the ma. ss balance 

of sea ice could be described in the detail which is 

:t:lecessary. 

It is quite likely tha t the mass balance of 

certain glaciers may be related to the mass balance of 

sea ice in adjacent areas and vice versa. Oceanographie 

data have been collected in specifie channels in the 
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Queen Elizabeth Islands. However many of the channels 

have not even been sounded let alone investigated for 

temperature profiles and currents. In addition, 

little data has been collected to describe the 

conditions which exist in, on, over and under the 

sea ice during the winter months. Although the physical 

properties of sea ice have been described in sorne 

detail and a considerable amount of geographical 

information relating to types and distributions has 

been described many factors require further investigation. 

Recommendations For Future Investigations 

More Objective Techniques 
Aside from the need for interdisciplinary sea ice 

investigations there are a number of other studies which 

should be carried out to add to the general knowledge as 

weIl as to modify and perfect present techniques. The 

techniques of recording and presenting the data now in 

use could be modified sa that more information could be 

collected in the same time. A system should be developed 

to record this basic data in a form which is easily 

converted into graphie patterns. For example, punched 

cards and computers have been used to print sea ice 

information on maps and possibly this system merits 

more investigation. 

Remote Sensing 
Before too mueh time is spent perfecting such a 
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programme sorne method must be developed to reduce 

the relati vely large amount of subjecti ve judgement used 

to collect the original data. There are a few 

methods presently avail~ble whicl:t make it possi ble to 

record the data more objectively. Airborne infra-red 

photography can be used to show the different types of 

sea ice. The exposures resulting from this system show 

the thinner ice darker on the grey scale than the thicker 

porti en s. The draw back of cour se is that the photograph s 

must be interpreted in order to reduce the data to map or 

tabular forme Radar can be used to show ice boundaries 

when visibili ty does not permit the observer to see the 

ice, in this case radar does not identify the typ3 of ice. 

Satellite photography helps reduce the subjective 

nature of sea ice surveys by presenting a real time 

picture of the ice conditions. However the interpretation 

of the se photographs is su bje cti ve because at the present 

time the scale of the exposures relayed to the read-out 

stations does not allow specific types of ice or 

concentrations to be identified. Future sateliites will 

in clude more sc phisttcated sensing devices but the se 

satellites are seldom put in polar orbits until they have 

been used for sorne time in a more equatorial orbite No 

matter how sophisticated the vide con sensing system of a 

polar orbit ing satellite ma y be, the images of the sea 



i ce di stri buti on cannot be seen through a cloud layer 

nor can they be seen during the period of darkness which 

covers the arctic areas for a porti on of the ye ar. 

Modifications and refinements to the remote sensing 

systems presently used will increase the objecti vene ss 

of sea ice studies but will not entirely eliminate 

subjective judgement. It is possible to envisage a 

comple tely obj ecti ve system to record the sea ice 

distribution. This statement rests on the belief that 

a device will be invented to measure the thickness of 

sea ice through cloud and in darkness. This device may 

be carried in an airborne or orbiting object as long 

as the exact geographical coordinates of the aircraft or 

satellite are known. Both the thickness measurements and 

the position would be continuously recorded on magnetic 

tape or paper tape. These tapes could then be fed through 

a computer wh ich would reduce the mass of dat a into a form 

suitable for a particular user. Continuous positioning 

systems such as DECCA have been set up in the Arctic and 

these systems have been adapted to present a continuous 

log of positions punched (in digital form) on paper tape. 

The main problem is centered around the present lack of 

any airborne device that will accurately record the 

thickness of sea ice above and below the wat.3r level. 

This device must be invented before any major break-through 
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in sea ice reconnaissance technicpes can be 

accomplished. Objectivity could be increased if 

airborne instruments are developed which could 

continuously record the temperature at various levels 

in the ice, the tempe rature of the air above and the 

water below the ice, as weIl as the radiation balance. 

Since many of these instruments have not been 

perfected at the present time a considerable amount of 

subjectivity still remains with sea ice reconnaissance 

programmes. Admittedly the U.S. 'Bird's Eye' flights 

attempt to become more objective by counting the number 

of ridges, cracks and the concentration of ice during 

specifie time intervals but still the observer uses some 

personal judgement and this judgement varies from observer 

to observer. 

Sub ,je cti ve Inv~.ê..~iK9~J2g.§ 
There are certain relatively subjective investigations 

which must be carried out in the near future in order to 

lay the ground work to interpret the mass of objecti ve 

data which will be collected in the future. Specifie 

efforts should be made to describe in detail the topography 

of the upper and lower surface of the sea ice cover for 

the different types of ice. These investigations should 

be cou pIed with a macroscopic description of the evolution 

of pressure ridges and hummocks and the ablation at the 
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upper and latJer interfaces of the sea ice co ver • Also, 

descriptions of the currents in the area as weIl as 

preliminary hypotheses relating to the various factors 

which cause the yearly fluctuations in the areal extent 

of the ice cover Should be attempted. 

Topography 
A small s'cale or local study of the topography 

or relief of the upper and lower surfaces of the different 

types of sea ice wauld include the causes of the 

features, their seasonal fluctuations with the net 

result being a roughness key. This key could be used 

in conjunction with present and future systems of airborne 

sensing in order to produce a better evaluation of the 

roughness parameters that exist over and under different 

types of ice at different times of the year. This type 

of study would include the yearly fluctuations in 

thickness as weIl as the descri ption of the formation 

of keel ice and the description and life history of 

underwater relief features in relation to those seen 

on the surface. Detailed topographic profiles 

approximately 50 meters long set up on floes carefully 

selected to represent the average conditions would provide 

the type of information required. 

The description of the life history, including the 

formation, structure and decay of a pressure ridge, 

closely parallels the topographic study suggested above. 

Generally very little data is available pertaining to 
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the displacement caused by pressure ridges and 

relatively little is known of the changes which take place 

inside the ridge after it forms. A pilot study to 

investigate this problem should consider at least 

one ridge formed from polar ice and one from winter 

ice. Of course it would be by chance that an 

observer was present during the formation of a ridge 

but investigations should be commenced very shortly 

after the ridge began to forme General topics to be 

considered would be the time dependent extent of the 

surface relief as weIl as similar measurements of the 

underwater relief. The effect of the ridge on the sea 

ice in the immediate vicinity should be noted as weIl 

as the structure and density of the interior part 

during formation, or shortly after and at different 

times during it s lifetime in order gi ve a chronologie 

and me aningful summary of the evolution of the ridge. 

Theoretically the same ridge should be studied after it 

has undergone an ablation season and is classed as a 

hummock. 

In order to gi ve a general yet reali sti c 

description of a pressure ridge from the time of its 

formation and through the hummock stage at le ast three 

years of periodic observations would be necessary. 

Aside from the basic difficulties inherent in measuring 



the various parameters, the three year time span 

wou ld impose addi ti ona 1 logi stic, location and 

identification problems even if only two ridges 

were initially chosen for investigation. Of course 

one assumes that the ridges or hummock will not 

disappear due to ice movemen t or ablation during 

the period of investigation. 

Ablation 
To a certain degree the ablation of the surfaces 
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of the ice sheet in contact with the atmosphere and with 

the water is related to the topography study and the 

investigation of the ablation of sea ice should be 

combined with the study of ridges and general topography. 

There have been a few attempts to measure the ablation 

from the upper surfaces of an ice sheet, but almost no 

effor.ts have been made to measure the ablation from the 

lower surface. For these reasons basic studies to 

measure surface and sub-surface ablation should be 

conducted in various latitudes in order to produce a 

general description of the trends. 

The study of the formation, growth and decay of 

puddles is closely associated with the ablation 

investigation and might be included as a part of these 

studies. It is generally concluded that puddles begin 

to form from melted snaw and once they have become 
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established they remain in place even though aIl 

the surrounding snow has melted. A study of the 

evolution of puddles would consider these features 

at various latitudes and on various types of sea ice. 

Information should be gathered on the physical 

development of the puddle such as its depth, slope 

of its sides, the time and cause of its largest areal 

extent, the time of its greatest volume as V'-lell as 

the temperatures at various levels and the salinity 

changes throughou t the ablation season. Since i t i s 

apparent tha t rnost of the water of the puddles drains 

from the ice SŒrface via cracks, seal holes and by 

other r.r.eans sorne effort should be made to describe 

the development of the area which ti1ay be drained 

by a specifie sink. 

Forecasting 
Most of the proposed studies suggested above deal 

with the evolution of the ice cover but the basic 

ablation studies outlined would provide needed and 

easily co Ile cted information which could be used to 

forecast the type of ice year. It is certain that the 

weather causes the large fluctuations of the ice cover 

from year to year. Since it is not possible to accurately 

fore cast the meteorological conditions that will exist over 
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an area a year in advance it is almost impossible 

to fore cast the types of ice year which will occur. 

However by studying the basic characteristics of the 

sea ice and the underlying water masses it may be 

possible to recognize key factors that will serve 

as reliable indi cators for the next season. There is 

a whole system of factors which determines the yearly 

fluctuation but the main factor is insolation. It 

is not yet feasible to install automatic stations 

to record and transmit the insolation values over 

the entire area but it might be possible to estimate 

the insolation if a suitable empirical key could be 

developed to describe the ice surface on the basis 

of the puddle type and distribution. The ideal method 

would use an airborne ice thickness sensor to measure 

the amount of ic e ab lated at spe ci fic time s during the 

year. Then on the basis of previous observations 

related to the present situation it would be possible 

to accurately forecast.the ice conditions. 

Resumé 
The basic descriptions of the methods of collecting, 

1 

representing and interpreting sea ice information have 

been given in the foregoing texte This information may 

be used in a number of ways ranging from such diversified 

ends as fore casting for surface transportation to heat 



balance studie s. The gene raI trends and basic 

patterns have been described and additional 

145. 

specific and detailed studies of a geographical 

nature have been suggested and outlined. It is hoped 

that the geographic observations given above will 

complement the existing information and will 

faci li tate a correlation including the parameters 

of meteorology, oceanography and ice physics and 

their relationship with the dynamics of sea ice in 

the Canadian Arctic o 
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TABLE i, 
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P.C.S.::). 8EA ICl~ RECOm:ABSA?,!CE FLIGHTS 

\{ .A. Black (Obs8rver) 

F1ight No. 1 June 18 IGE-RB; Via BordGn l8, FitzHilliam Str, 
Byam I,iartin Chan. (2.3 hours) 
RB-lC; Via Penny Str, Hassel Snd, Heighen 
ls. (2.3 ho urs ) 

Flight No. 2 J'Une' 26 IC-R.B; Via Lougheéd ls, Penny Stl', 
NoDougall Snd. (207 hours) 
RB-IC; Via Hellington Chan, Delcher Chan, ' 
Hassel Sndo (207 hours) 

June 27 IC-R.f3; Via !'-riddle Fd, Eurelca Snd, Jones 
Snd. (4.7 hours) 

June 30 RB-RB; Via Lancaster Sound. (1.9 hours) " 
RB-ND; Via BarrO~,l Str, Dyam trartin Chan, 
IIeola and Griper Bay U 01 hotll's) 
!;ID-rC; Via Borclen I8. (3.0 hours) 

Flight No. 3 July 25 

July 26 

July 28 

Flight Uo. 4 July 30 

IC-IC; Via Hassel Snd, Hendriksen St);' ~ 
Belcher Chan, Haclean str. (4.2 hours) 
IC-EU; Via ~,ieic;hen le, Nansen Snd. (2.1 hrs) 
EU-RB; Via gm'eka Snd, .Jones Sild, L.,!lnCast0r 
Snd. (4.2 hOlœs) 

RB··R.B; Via T,.!e1lington Chan, Pen..'1Jr Str, Byan 
Hartin Chan. (3.6 hOlœs) 

RD-!'!D; Via Viscount 1'~elville 3!lcl. (l,.S lu's) 
l'ID-;';]); Via BOl'dell T8', Lougheec1 Is. (!~. 7 hrs) 

l·ID-ftS; Via nOl'tr.~3rn Viscount Hel ville Snd. 
(3.6 h1'8) 
RB-IC; Via ~·lelliugtœ-! Ohan) Pe!1ny Str. 
King Christian I8. (2.3 h01.œs) 

li'light lIo. 5 Aug. 3 rC-TC; Via 7<eighen IG, Hansen Snc1, Eureka 
Snd, riori,regi~...n Bay, Hendrikrwll. str, HasseJ. 
Snd. (5.0 hOlœs) 

Flight l,~ o. 6 A11.g. Il 

IG-R3; Via B::31cher Chan, .J on8S Sud, 
Lancafl te:::, S1!d. (3 05 hOlU'S) 
RB-IO; Via Bo.rrOi-l st!', 13yam ),'art,:in Cb::m, 
LouglK!ecl ls. (:303 hours) , 

IC·~18; Via Borden IG, t;'01lU'0 Str.(J~.6 hr8) 
l!D-?.B; Vi3COU!lt I::81viJ.le 311d, Byron C~e.ll, 

Barrow Str. (4.1 hours) 
RJ-IG; Via ?enny :3J~1', D3.nishStr. (2.0 hr8) 

J:C-IG; Vie. l:or\-!,:"c.;ip_i:l E., .r on8S ~)nd, ;:3elchr;i.~ 
Chan. (3.3 h01..l.l'3) 
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Flight No. 7 Aug. 27 
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IC-RB; Via Byam :·fartin Chan, Viscount 
Helville Snd. (3.9 hours) 

Flight No. S Sept. 6 IC-BD; Via Borden lei, J.!'Clure Str. (3.0 hrs) 

Sept. 7 

Sept. 8 

ND-RB; Via Emerald Is~ Desbarats Str, 
Penny Str. (4.0 hours). 

RB-!'rD; Via nort,hern Viscount Nelville Snd. 
(3.6 hoUl's) 
?-,ID-RB; .Via southern Viscount Eelville· Snd. 
(4c8 hours) 

Flight No. 9 Sept.19 IC-IC; Via Prince Gustaf Adolf Sea, Heighel'i 
Is, Rassel Snd, Danish Str. (5.5 hours) 

Sept.23 

H.A. Black (Observer) 

RB-RB; Via Penny Str, Byam Hartin Chan, 
BarroH Strait. (3.2 hours) 

Flight 110. 1 June 21 lC-RB; Via Byarn Nartin Chan, Barrou Str. 
(5.0 hours) 
RB-HD; Via Viscount He1ville Snd.(5.2 hrs) 
~ID-IO; Via Borden Is. (4.6 hours) 

June 23 IO-IC; Via Eeighen Is, Hansen Snd, Eure!m 
Snd, NOI'\olegian Bay. (l~.8 horrcs) 

Flight Ho. 2 July 5 

July 6 

Fl~ght No. 3 July 17 

IO-R.~; Via Belcher Ohan, Jones Snd, 
Lancaster Snd. (3.5 hoUl's) 
RB-IG; Via Penny Str, Lougheed 180(2 .. 3 hrs) 

IO-RB; Via Belcher Chan, Jones Snd, 
Lancaster Snd. (6.7 'hours) 
RB-lm; Via. Viscount Helville Snd. (5.3 hrs) 
ND-IC; Via ~·f1Clure Strait, Borden Is. (4 hr8) 

IO-RB; Via Penny Str, H ellington Ohan{4 hrn) 
RB-IG; Via Byam iIartin Ohan, Lougheed Is. 
(4.9 hotU~s) 

lC-R8; Via Belcher Chan, Jones 3nd, 
Lancaster Snd. (5.0"hours) 
RB-lO; Via Hellington Chan, :-'elmy Str, 
(405 hour:=;) 
Danish Str. 

Jtùy 18 IC-EU; Via Neighen 18, Hansen Snd. (3.0 hrs) 
EU-IC; Via Eure ka Snd, lTorHegian B., 
(3.5 hoô.rG) Hendriksen Str. 

July 20 :Le-l'LD; Via Borc1an 18, jflOlm'c str. (5.2 hrs) 

July 21 t:ill-·Ie;; Via ViscolUlt ;;elville Snd, Byam 
!:fa.;.,"::,in Chan. (505 hours) 
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Flight No. 4 Aug. 4 

Aug. 5 
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rC-RB; Via Recla and Griper B, Viscount 
Helville Snd. (3.7 hours) 
RB-RJ3; Via Hellington Chan, Belcher Chan. 
Penny Str. (3.3 hours) 
RB-IC; Via Barrot.]' Str, Byam Hartin Chan, 
Lougheed Is. (2.5 hours) . . 

IC-IC; Via r-ieighen 1::;, Nansen Snd, Eureka 
Snd. (5.2 hotll's) . 
IC-HD; Via Hilkins Str, Fitzwilliam Str. 
(3.8 hours) 

. ND-IC; Via N'Clure Str, Borden Is. (4.':' hrs) 

Flight No. 5' Aug.26 

Aug.28 

Sept. 2 

Sept~ 3 

Sept. 5 

Flight No. 6 Sept.24 

Sept.25 

Sept.26 

Sept.27 

Sept.29 

H.A. Black (Observer) 

IC-P~; Via Danish Str, Belcher Chan, Jones 
Snd, Uellington Chan. (3.7 hours) , 
RB-!'ID; Via Barrot.]' Str, Byam Hartin Chan, 
Emerald ·Is. (3.4 hours) 
BD-IC; Via 1·PClure Str, Borden 1s.(3.5 hrs) 

IC-IC; Via Neighen Is., Nansen Snd, Eureka 
Shd. (5.5 hours) 

IC-IC; Via Hassel Snd, Hendriksen Str, 
Lougheed.Iso (403 hours) 

IC-RB; Via Bathurst 18, ~enny Str, 
HeDougall Snd. (3.6 hours) 

RB-!1l; Via northern Vü.:eount Helville Snd. 
(4.7 hol'11's) 
!-,ID-RB; Via southern Viseount Helville Snd. 
(5.5 hours) 

RB_tID; Via mid Vsieount l·-[elville Snd.(5.3hrs) 

1·lD-?:D; Via I,PClure Strait. (5.5 hours) 
r·ID-HD; Via Reela and Griper B., Byam Chan'. 
Liddon G~ùf. (4.4hours) 

!':iD-IC; Via Borden Is. (3.4 hours) 

IC-lC; Via [·fassey Sound, Hendriksen Str, 
Danish Str. (L~.5 hours) 

IC--RÈl; Via Loughecd Is, Beleher Chan, Jones 
Snd, HeUington Chan. (1~.3 hours) 

Fliel1t no c l J1.me 21 IC-!f.B; Via Lou~~he8d 18, Penny str, 
NcDousall Snd. (/~.2 hours) 
RB-~B; Via Hellington Chan, 13elch81' Clw.n, 
Jones Snll; L9.l1Céwter Snd. (5./+ hours) 
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Jtu19 22 R.i3-~·ID; Via mid Viscount Hel ville Snd. 
(5.5 hours) 

June 23 

June 24 

Flight No. 2 July 4 

July 5 

July 9 

Flight No. 3 July 18 

July 19 

July 20 

Fl1.ght ro. L~ Aug. 23 

ND-ICi Via E'Olure Str, Borden ls. (5.5hrs) 

IC-!'ID; Via Hillcins Str. ~ (3.2 hours) 
, ~ID-IO; Via Emerald 18, Lougheed ls 0 (3 .4hrs) 

IO-EU; Via Heighen 18, Nansen Snd. (3.6hrs) 
EU-IO; Via Eureka Snd, NOrlvegian Bay, 
Hassey Snd. (3.9 hours) 

IO-EU; Via Meighen Is, 'Hard Hunt ls, Nansen 
Srid. (5.1 hours) 
EU-IO; Eureka Snd, NO!'"i'legian B., Massey 
Snd. (303 hours) , . 

IO-RB; Via Hassel Snd, Hendriksen Str, 
, Jones Snd, Lancaster Snd. (5.2 hours) 

RB-t-ID; Via. mid Viscount l·felville Snd. 
(4.5 hours) .' 
r..m-IC; Via N'Olure str, Borden Iso (308 hrs) 

IO-RB; Via Haclean Str, Penny Str, 
l-lellin;.;ton Ohan. (5.0 hours) 
RB-IO; Vja Barr01v Str ~ Byam Hartin Ohan, 
Hazen Str. (6. g hours) 

IC-RB; Via Hel1dns str, Hecla and Griper B, 
Austin Chan. (3.0 hours) 
RB-!"1D; Via mid Viscount Helville Snd. 
(3.4 hours) 
HD-IC; Via [.p Cl ure S tr, Borden ls. (3.2 hrs) 

IO-EU; Via ne :l.ghen Is, Hans en Snd. (l~. 3 h1's) 
EU-RB; Via E'urelca Snd, NOl"Hegian Bay, Jones 
Snd, L~ncaster Snd. (11.7 hours) 

IC-le; Via l·[aclean str, Penny Str, Belcher 
Chan, Hendriksen str. (6.6 hours) 

RD-RB; Via Lancaster Snd, Jones Snd, 
Hellington Chan. (L~.l hOUl'S) 
RB-RB; Via HcDougall Snd, Penny Str,Austin 
Chan, Barrm.,T stro ~306 hours) 

Aug. 26 RJ3-RiJ; ViE' Barro", Str, Bye.lU Hartin Is, 
Barr.)\'! Str. (I~. 7 hours) 
RB-YD; Via Viscount ?<Iclville Snd, M'Olure· 
Str. (L~.9 hout's) 

Aug. 27 J.!D-IC; Via Bordon If,. (L, .• l hours) 
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A~lg~ JO IO-EU; Via Heighen Is, Nans en Snd. (3 .~hrs) 
EU-IO; Via Enrelea Snd" NOl'Vlcgian B, Hassey 

"Snd. (3.6 hours) 

Aug. 31 

Sept. 1 

Sept. 2 

Flight No. 5 Sept.IO 

Sept.ll 

Sept.l!~ 

Sept 015 

,Flight Noo 6 Sept.28 

Sept.29 

Sept.30 

1964 D.G. Lindsay (Observer) 

F1igh"c No. 1 J1.UlS 21 

June 22 

June 21" 

rO-RBj Via Hendriksen Str, Belcher Ohan, 
Wellington Ohana (3.5 hours) . , 

RB-IO; Via HcDougall Snd, Austin Ohan, 
Hazen Str, Wilkins Str. (6.9 hours) 

IO-P~; Via Maclean Str, Penny Str. (2.5brs) 

RB-IC; Via Lancaster Snd, Jones Snd, 
Norwegian B, Hendriksen Str. (5.6 hours) 
rC-RBj Via r.feighen rs, Hassel Snd, Penny 
Stro Ue1lington Chan. (5.5 hours) 

RB-HD; Via Viscount ~1e1ville Snd. (?.~ hrs) 

MD-~ID; Via l-I'Clure Strait. (3.8 hours) 

!"'ID-RB; Via Orozier Chan, Hazen Str, 
Desbarats Str, Barrow Str. (502 hours) 

RB-RB; Via Lancaster Snd, T,.J'{;lllington Ohan, 
Belcher Chan, Massey Snd, Hendriksen Stro 
(L~.3 hours) 
RB-?·fD; Via lliscount Melville Snd. (4.1 hrs) 

ND-IC; Via Sorden Iso (2.5 hours) 
rO-~;ID; Via \oTilkins Str, Ballantyne Str 0 

(2.4 hours) 
MD-HD; Via N'Clura Str. (3.7 hours) 

ND-IC; Via Fitzwi11iam Str, Hazen Str. 
(3.1 hours) . . 
IC-RBj Via '?enny Str, McDougall Snd. 
(4.9 hours) . 

HD-HB; Via. Viscount Nelvi1le Snd, Byam 
Nartin rs, BarroU' St!'. (4.1 hours) 

RB-P~; Via Lancaster Snd, Jones Snd, 
Wellington Ch~~. (407 hours) 
RD-!,m j Via southern Viscount He1ville Snd. 
(L~. 5 hours) 

RB-SU; Via HcDougal1 Snd, Permy Str ( 
Nor\n:glan B, Euraka. Snd. (I~.!" hours) 
EU,-~·rn; Via Nansen Snd, Heighen Is, Bordon 
I~lo (4~1 hours) 
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June 25 f.1D-~'lD; Via N'Olure Str. (208 hours) 

Flight, No. 2 July 7 CB-HD; Via Viscount Helville Snd. (4.5 hrs) 

July 8 

Jtùy 9 

July 13 

July 15 

Flight No. 3 July 24 

Aug. 2 

Aug. 7 

Aug. 8 

Flight, No. 4 Aug. 10 

Aug. Il 

Aug. 12 

}ID-RB; Via Emerald ls, Desbarats Str, 
(4.0 hours) Penny Str. . . 
RB-ND; Via northern Viscount Ne1vi11e Snd. 
(5.0 hours) .. 

lill-ND; Via Brock ls 0 (5.0 hours) 

HD-EU; Via Fitz\d11iam Str, Hackenzie King 
Is', Heighen Is, Nansen Snd. (403 h'ours) 
EU-RB; Via Eurelca Snd, NOr\/egian B, Jonas 
Snd, vTellington Chan. (4.5 hours) 

RB-RB; Via Wellington Ohan, Belcher Chan, 
~fassey Snd, Hassel Snd, Penny Str. (5.mIrs) 
RB-lID i Via Viscount Helville Snd, Kellet 
Str. ~4.5 hour's)' . 

RB-l:ID; Via Byarn Martin Is, Hecla and 
Griper Bay. (2 0 6 hours) 

l'ID-RB; Via Hazen Str, Bathurst Is 0 (3 oOh1's) 
RB-r,;n; Via Byam f.~ar·Un Chan, Fi tzuilliam 
Str. (3.0 hours) 
ND-SY; Via N'Olure St!', Beaufort Sea. 
(2.3 hours) 

CB-~ID; Via H'Clintock Chan, ViscoUllt 
lofelville Snd. (4.5 hours) 

~ID-IC; Via Bordan Iso (400 hours) 
IC-ND; Via Hilkins Str, FitzHilliam Chano 
(108 hours) 

HD~RB; Via Byam Nartin ls, NcDougall Snd. 
(3.7 hours) 
RB-IC; Via. t'enny st1', Haclean Str. (206hrs) 
IC-~/ID; Via Borden Is, t-lilkins Str. (202..lu.''s) 

HD-EU; Via Hazen str, Cape lsachsen, Nansen 
Snd. (4.1 hOUl'S) 
EU-RB; Via EUl'eka Snd, Norvegian Bay 
BelclE~r Chan ... (301 hours) . 

RB·-!·!D; Via mid Viscotmt Helville Sndo (5 .5hrs) 

Aug o 13 f.lD-IC; Via Hazcn Strait (3 .. 1 hours) 
IC-?--ID; Haosel Snd, Hasse] Snd, Fitzuilliam 
Sh"o (5. 'l homos) 



Flight No. 5 Aug.,18 

Aug. 19 

Aug. 23 

Flight No. 6 sept. 2 

Sept. 3 

Sept.o 4 

Sept. 5 

Flight No.' 7 Sept.15 

Sep'l:,.23 

Flight No. 8 Sept.26 

Sept .. 27 

Sept.49 

) 

161. 

ND-RB; Via Hecla and Griper B Byam ~,rartin 
Is, HcDougall Snd. (3 .. 7 hOurs) 
RB-EU; Via Wellington Chan, Jones Snd, 
NOI''tvegian B, Eureka Sud. (4.5 hours) 

EU-HD j Via Nansen Snd, Neighen Is, l1ilkins 
Str .. l4.5 hours) 

MDa.:-IO; Via }PClul".e Strait, Borden Is, 
Peary Chan, Hassey Snd~ Belcher Chan, 
Hassel Snd. (5.4 hours) 
rC-l'ID; Via Hazell Str, FitzHilliam Str. 
~2·.1 hours) 

MD-1-ID; Via MIClure Str. (2,,0 hours) 

MD-!'ID; Via Kellet Str, Liddoll Gulf, north­
e1".n Viscolll1t Helvil1e Snd. (3.5 hours') 

l-ID-RB; Via miel Viscount He1vi1le Snd. 
(3.0 hours) 
RB-EU; Via Wallington Chan, Jonas Snd, 
Balcher Chan, Nor\-Tegi~!l1 B, Eureka Snd. 
(4.0 hours) 

EU~IC; Via Nansen Snd, Neighen Is, (3.3hrs) 
IO-r.ID; Via Prince Gustaf Adolf Sea, Hazen 
Str, Fitzuilliam Str. (2.0 holU's) 

lill-RB; Via northern Viscount Helvi1J.o Snd" 
(4.0 hours) 

RB-RB,; Via ltTellington Chan, .Jones Snd, 
Belcher Chan, Penny st!'. (4.6 hOl.lrs) 

RB-RB; Via Barro\-! Str. (104 hours) 

RB-RB; Via Pr:rnce 'Regent Inl,?t, AdmiraIt y 
InIat, northern Lancaster Snd. (2.1 hours) 
RB-lC; Via ?ep~1y Str, Be1cher Chan, 
Bendriksen Str" Hass3I Snd. (400 hours) 

IC-EU; Via· C. Isachsen, f'!eighen Is, Nansen 
Snd. (300 holU's) 

EU-RB; Vit". Etu'eka Snd, NorvTegian B, Joncs 
Snd, l1el1in:ston Chan. (3.0 hOlll~S) 

RB-?--m j Via mid Viscount l'!e1villo Snd, 
Kellet St1'. (305 holU's) 
l'ID-CB; Via Crozier Str, Viscount ?·fel vill0 
Snd, Hyl1ni,~tt 13. (3.2 hom"s) 
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1965 D.G. Lindsay (Observer) 

Flight No. 1 June 23 

June 24 

June 25 

June 26 

June 28 

Flight NOe 2 July 5 

July 6 

July 7 

Flight No. 3 July 16 

July 18 

July 19 

July 20 

Jl..ùy 22 

162. 

CB-l-ID; Via N'Clintock Chan, Viscount 
l'Ielville Snd, Kellet Str. (11-.3 hours) 

MD-RB; Via Hacla and Griper B, Byam .1-1artin 
Is. (2 .. 9 hours) 

RB-ND; Via. southern Viscount Helville Snd, 
l.f'Cluro Str. (5.0 hours) 

MD-IC; Via west Prince Patrick Is. (2.6hrs) 
IC-EU; Via Heighen ls, Nansen Snd. (207hrs) 
EU-RB; Via. Eureka Snd, Norwegian B, Jones 
Snd, Lancaster Snd. (3.4 hours) 

RB-!'lD; Via Hellington Chan, Penny Str, 
Desbara"tis Str, Hazen St!'. (3.8 hours) 

:r-ID-RB; Via mid Viscount Helville Snd. 
(5.3 hours) 

RB-RB; Via mid Lancaster Snd, Jones Snd, 
"lo11ington Chan o (4,,5 houl."s) 
RB-RB; Via 'Peel Snd, Ommanney B, N'Clin­
toc::k Chan, BarroH St:r.. (2.7 hours) ... -

RB-EU; Via HcDougall Snd, ?enny Str 
NorHegi!:lj1 B, Euroke. Snd. (3.0 hours~ 
EU-IC; Via !'TcUlsen Snd, ~<eighell Is. (3.0h!'s) 
lC-HD; Vie. BordEm Ts, Ballantyne Str. 
(206 hours) 

RB-!,!J); Via mid Viscount Helville Snd. 
(3.7 hours) 

ND-lC; Via Bo]."den ls 0 (3.6 hours') 

lC~RB; Via Haclean str, Pelli"ly Str, Barro~-1 
Str. (3.0 hom's) . 

RB-RB Via. Hellington· Cha.l1 , t'russey Snd, 
Strtmd B, Hell Gate o (7.0 hours) 
RB-EU; Via L~l1caster Snd, Jones Snd~ 
NOr1-Tegian B, rnureka Snd. (11-00 hours) 

EU-IC; Via Hussel Snd. (205 hOl..trs) 
JC-ND; Via. ~lillcins Str, Bnllfu"1'!;yn8 Str. 
(2.4 hou:rs) 

HD •. CB; Via soutihern Viscol..1':''1-r. ~-relville Snd. 
(3.7 hot~·s) '. 
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Flight No. 4 Aug~ ~ 

Aug. 4 

Aug. 6 

Aug.10 

Aug.ll 

Flight No. 5 Aug.lJ+, 

Aug.15 

Aug.16 

Aug ol7 

Aug.18 

Aug.l9 

Aug.20 

163. 

CB-ND; Via H'Clintock Chan~ Viscount 
Helville Snd. (4.1 hours) 

lvID-hlD; Via H'Clure Str. (2.7 hours) 
MD-IC; Via Borden Is. (3.0 hours) 
IO-EU; Via Heighen Is~ Nansen Snd. (2.3hI's) 

EU-RB; Via Eureka Snd~ Norwegian B, Jones 
Snd, Lancaster Snd. (5.0 hours) 

nB~RB; Via Hellington Chan, Belcher,Chan~ 
pénny Str, l1cDouga11 Snd. (2.5 hours) 

RB-EU; Via Norwegian B~ Eureka Snd. (207hrs) 
EU-LT; Via Nansen Snd, Hard Hunt Ic.(3 hrs) 

L'r~EU; Via Lincoln Sea, Robeson Chan, Hall 
Basin, Greely Fd. (2.7 hours) 
EU-l'ID; Via Strand B, Hassey Sndo 
Hendriksen Str. Desbarats Str, Hazen Str', 
Fi tz.uilliam S tr. (3.7 hours) 

ND-!'ID; Via r·PClure St!", Prince of t.Jales 
Strait, Hinto Inlet. (3.3 hours) 

11D-10; Via FitzHilliam Str, Hazen Str, 
Prince Gustaf Adolf Sea (2.0 hours) 
IC-BD; Via Borden Is, H'Olure Str.(2.01ws) 

l·ID-R.1.J; Via Hecla and Griper B ~ Byam Hartin 
Is, HcDougall Snd. (2.5 hours) . 
RB-MD; Via Erskine Inlet, Byam Nartin Chall. 
Hazen Str. (2.6 hours) 

r-ID-RB; Via southern Viscount Nelville Snd. 
(3.5 hours) 

RB-HD; Via BarrovT Str, Byaill Chan. (2.5hrs) 

HD~lC; Via Bord en la. (3 .. 1 hours) 
IO~RD; Via Hassel Snd, Hendriksen StI', 
Belcher Ch!ln, Pen..."1y Str, HcDougall Snd 0 

(3.0 hours) 

RB-CB; Via Ba:rrOT,l Stl', U'Clintock Chan. 
Victoria Stra (4.2 hOurs) . 

CB~SY; Via Prince Albert Sud, AmQ~dsen Gulf 
Thesiger BD (3.1r hours) 
SY-l·ID; Vla HostGI'll Banks 1s, H'Clm'e Str. 
(202 hom's) 
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Flight No. 6 

Flight No. 7 

164. 

\Aug.' 22 HO-RB; Via. Hecla and Gripel' B. (2.6 h1"3) 
RB-EU; Via Hollingt.on Chfuï, Jones Snd. 
Noruegian B, Eureka Snd. (3.2 hrs) 

Aug. 23 EU-LT; Via Greely Fd. (2.5 hrs) 
LT-EU; Via Tanquary Fd, Canon Fd. (2~2 hrs) 
EU-RB; Via Eureka Snd, Norwegian Bay. 
(2.3 hrs) 

Aug. 28 ND-RB; Via northern Viscount Melville Snd. 
(4.0 hrs) 

Sept. 1 

Sept. 3 

RB-EU; Via Penny Str, Belcher Chan, 
Norvregian B, Eureka Snd. (4.0 hr8) 
EU-IC; Via. Nansen Snd, Heighen Is. (2.5 hrs) 
IC-MD; Via Borden Is. (3.2 hr8) 

ND-RB; Via. Recla and Gripar B, Byalll Chan. 
(2.6 hr8) , , 
RB-OB; Via Barrou Str, H'Olintock Chano 
(3.2 hrs) 

Septo13 CB-HD; Via N'Clintock Chan, nOl'thern 
Viscount ~ifelville Snd. (4.5 hr8) 

Sept.l5 r.'lD-RB; Via. Fitzuilliam Str, Hazen Str. 
Desbarats Str, Penny Str, McDougall Snd. 
(3.2 hrs) 

SeptolB RB-EU; Via l.J'elling-con Chan, ?enny Str, 
Rendri1csen Str, NOl'\vegian B, Eure!{a Sndo 
(400 hr8) . 

Sept.20 EU-lC; Via Nansen Snd, Neighen 1s.(3.0 hl'S) 
IC •. RB; Via Naclean Str, Peffi'ly Stro (3.0 h1"o) 

Sop'l:,.22 RB-HO; Via Bal'l'OU Str, northorn Viscount 
Helville Snd. (3.7 lu~s) , 

Flight Ho. 8 Sept.28 1.fD~;~'!D; Via M'Olm'o St!'. (3.0 hrn) 

Sept.30 l:!D-R..B; Via nOl'therl1 ViscoUl1t ~!elville Snd, 
Byrull Hartin Is. (3.8 hrs) 

Oct o 1 RB-RB; Via B,!U:'l"OH' str, Pr.i:::lc0 Regent Tnlet 
LancCl3ter 8ndo (2~5 hrs) , 
RB-RB; Via t·lcDougall Sud, Penny str, 
Hondrikssn Stl', BGlcher Chan. (4.3 hrs) 

Outo 2 Rt3·~EU; Vio. HGllington Chan., Jon8:3 Snd, 
NOl'\mgian B, Eureka Snd. (306 hl's) 

Oct .. 3 EU·-IG; Via Hiddla Fd, Hcighen Is .. (2.5 hrs) 
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1966 D.G. Linasay 

Oct •. 4 IO-ND; Via Borden Is .. (20·1 hrs) 
ND-CB; ViA. Viscount He1villfJ Snd, ~;P01intock 
Ohun. (4.1 hrs) 

(Observer) 

F1ight No. A Jl.U1e 2 ND-1-ID; Via Brock Is. (4 .. 2 hl"S"J 

J,une 3 

June 4 

ND-EU; Via Borden Is, Peary Ohan, . 
Sverdl~lp Ohan. (3.0 hrs) 
EU-LT; Via Gree1y Fd, Tanql.l!lry Fd. (2.2 brs) 
LT-LT; Via Einco1n Sea, Robeson Ohan. 
Archer Fd. (2.0 'hrs) 
LT-RBj Via. Eureka Snd, Nor-wegian B, Jones 
Snd, ~lellington Ohan. (401 hrs) . 

RB-MD; Via. BarrOlv str, Byrun Hartin Is, 
Recla and Griper B. (3.1 hrs) , 

June 10 }ID-!'lD; Via H'Cluro Str, 'WGstern Banks Iso 
(3 .. 6 MS) 
101D-:-'1O; Via Lands End~ '\-Test of PrL1.ce 
Patrick Is .. (6.0 hrS) 

Flight 1'100 1 . June 19 11n-IC; Via BOl'den Is. (2.5 hrs) 
IC-EU; Via Heighen Is, Nansen Snd. (2.1 hrs) 

J1.me 20 EU-roT; Vïa Cr:nlon Fd, Nares Chan. (3.1 brs) 
L'f-EU; Via Hard Hunt Is, Emma Fd, O·~to Fdo 
Hare Fd. (20$ hrs) 

June 21 EU~ful; Via Em'eka Snd, N01'\lcgian B, Jones 
Snd, ~lel1ingt.on Chan. (3.2 hrs) 
RB-,!·JD; Via ByD.m ~·Iartin Io, Hecla e,nd Griper 
Bo (21.6 hrs) 

Juna 22 HD~.RB; Via oouthern Viscount J·fe1ville Snd. 
(4.0 hrs) 

June 25 RB·~IID; Via Bal"l'O\'T St.r, Prince Regent Inl~t, 
Admil'alty 1nle'(" La-"1.caster Snd. (4.6 111"8) 

June 27 R..B-R13 j Via T~Tel1ington Chun, Belcher Chan, 
Ponny str, NcDougall Snd. (3.6 hrs) 
nn .. :-.'lD; Vià l10rthern ViScOlmt Ne1ville Sndo 
(3 .. ? hr'8) 

June 23 HD-CB; Vi;.~. Viscount 1·:e1villo Snd. (3.1 hrs) 

Jmle 30 CB-:·[); Via H 'Clintoc1;: Oh:L"'1, ViSCOWlt 
Ne1vilJ.a Sndo Liddon Gulf. (4.0 ~r:J) 
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Flight No. 2 

Fligh'i No. 3 

JulY'4 

July 5 

July 6 

July 8 

July 9 

166.1 
}ID-RB; Via Emerald Is, Hazen Str, Desbarats 
Str, Penny Str, HcDougnl'l SncJ:o (3 0 0 h1"o) 

RB-~,1D; Via By'ari1 Har'i:.in I8, Hecla and 'Jriper 
Bo (3.2 hrs) 
MD-lm; Via mid Viscount Helville Snd .• 
(3.3 hrs) 

RB-RB; Via Lancaster Snd, Prince Regent 
Inlst, Peel Snd, Barroll Str. (4 .• 3 hr8) 

RB-EU; Via 'tTellington Ohan, Jones Snd, 
Norwegia.n Bay, Eurcku Snc1. (3.2 hrs) 

EU-LT; Via Nansen Snd, Hard' Hunt Is .. (2.9 hrs) 
LT-LT; Via Lincoln Sea. (1.2 hrs) 
LT-EUj Via Robeson Chan, Hall Basin, 
Kennedy Chan. (200 MS) . 

July 10 EU··~ID; Via Strand Bay, Prince Gustaf Adolf 
Sea, Emerald Iso (307 hrs) 

July 17 ND-RBj Via Emerald Is, LOl.1gheed la, Ponny 
St!'. \3.5 hrs) 

July 18 REL·EU; Via ~·hülingt.on Ch&i, Joncs Snd, 
!.fakb.son Inlet, Smith Snd, Bache Pen. 
(4.4 h1"8) 
EU-L'I'; Via Nansen Snd, Ha:ec1 Hunt Io0(2.8 hrs) 
LT-EU; Via Hm'cs Ohfu'1.. (2.2 hrs) - .... 

July 19 EU-RBj Via Etü"eka Snd, Arthur Fd, 101ellington 
Oha.n. (2,,8 hl'S) 

July 21 !m~~·1D; Via B;rD..1'J1 !'!al''tin Is, Hecla and Gripor 
By. (3.0 h1"o) 

July 22 

July 23 

HD·yRB; Via m:td VisoOl. nt Nel ville Snd. 
(3.8 hr8) 
RB-!'ID; Vi9.. Penny Str, Haclean Str, Hazen 
Stl', FitZl1illia:l1 Str. (3.1 hrs) 

ND-EV; VIGo '·PClures St!', Hestern Ballks Is, 
Beaufort Sea. (4.1 hrs) 
EV~~·fD;. Via Ar,nmdson Gulf, l·POlure Str. 
(J~5 hrs) 

Flight No. 4 July 29 ND-TG; Via Borden Iso (3.!} hrs) 

J1Ùy JO IC .. ·EUj Via HaGS81 Snd, Henc1riks€lll St.!', 
l':as88y Snd, 'Hol"1,.regian B, Eurckl.1. Snd.(J.4 m~D) 
EU-W.'; Vi.? otto Fd, N::mSf.:l1 Snd, Yelverton 
B, ~·![l.nl HU::lt 1:;1. (3 .. 6 hrG) 



Flj.ght No. 5 

1670 

July.31 LT-.EU; Via Lincoln Sea, Robeson Ohan, lIa~l 
Bâsin, Kennedy Ohan, Greely Fd. (2.1 hrs) 

Augo 2 EU;"?ID; Via Strand Bay, FitzvTÎlliam S:tro 
(3.8 hrs) . 

Aug. 3 MD-IO; Via Borden Is. (2.6 hrs) . 
IO-LT; Via ~.feighen Is, l{ard Hunt ls.(3.5 hrs) 
LT-EU; Via Na:bes Ohan, Bache Pen,. Canon F'd. 
(2.6 hr~) 

Aug. 5· EU-RB; Via Eureka Snd, Norwegian B, 
Wellington Chan. (3.2 hrs) 

Aug. Il 

Aug. 15 

Aug. 16 

RB-HD; Via Byam Nartin ls, HElcla and Griper 
B. (3.0 hrs) . 

ND-ND; Via N'Olure Str. (3.8 hrs) 
MD-IC; Via Borclen Is •. (300 hrs) 
lC-!ID; Via Prince Gustaf Adolf Sea, 
Emerald ls, Fitzuilliain S·tr. (200 llrs) 

ND-EV; Via ~l'Clure Str, Beaufort Sea. 
(400 lu~f:l) 
EV -l·ID; Via uestcrn Banks ls, Mf Olure Str. 
(4~0 hrs) . 

Aug. 19 MD-RB; Via mid Viscount Helville Snd. 
(3.3 hrs) 

Aug. 20 

Aug. 21 

Aug. 23 

RB~ND; Via northorn Viscount l~elville Snd. 
(300 hrs) . 

lill-RB; Via. ByUiU Nar'liin Is. (208 hrs) 
RB-r-ID; Vie. f,fcDoug8.1l Snd, Penny St!.', 
Dosbarats Str, Ho.zen 8t.r. Fitzwilliarn St.r o 

(3.0 .hrs) . . 

MD~RB; Via Byo.m Na.l~tin Is. (2.5 MS) 
RB-.EU; Vi 0'3. Hellington Chan, Jorl0s Snd, 
Nor\wgian B, Eureka Snd. (3.1 hrs) 

Augo 27 EU .. LT; Via CatillOn Fd, Nstes Chan. (3.2 hl's) 
LT-EU; Via Tanquary Fd, Greely Fd,(2.1 hrs) 

Aug. 28 

Aug o :30 

EU~IC; V:i.A. Nansen Snd, Neighen ISo(2.5 hl's) 
IO-RB; Via }'!aclean Str, Danish St.l', Penny 
St!', NcDougall Snd. (3 9 8 hl'::J) 

R3-!-ID; Via Byam ~,rartin 1.8, HElcla and Gripm.~ 
Bo (205 hrs) 

l\.ug., 31 r··!D~.~ID; Via j\POlul'o Str. (3.6 h1'8) 
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Flight No. b 

Flight No. 7 

Sept. 3 

Sept. 5 

S,ept. 6 

168 0 

ND-:-HD:r Via: B'Ol'\len 1s, 1{j~lkin~ str, . 
Balla.n·/jyne St!', Fitz\.-:illi8.1l1 Str. (4.6 h1"s) 

NDM·RB; Via southern Viscount Halvillo Snd. 
(3.6 hrs) . 
RB.;..EU; Via 'Halling·tion Chan, Jones Snd, 
Mrucinson Inlet. (3.6 hrs) 

EU-EU; Via Greely Fd, T~ïquary Fd, Otto Fd, 
Hare Fd, Nansen Snd. (208 hr3) 
EU-RB;, Via, EUl~eka' Snd, NOl~regian B,· 
t-le;"lington Chan .. (3.6 hrs) 

Sept. 7 RB-RB; Via Bal"ro1>T Str, Byam H!lx'Un Chan, 
Desbarats Str, Maclean Str, Hussel S:r.d, 
Belchel~ Chan, Penny Str. (3.S hrs) 

Sept.16 MD-MD; Via U'Clure Str, Beaufort Seao 
(309 h1"9) , 

Sept.21 

Sept .. 22 

HD-CB; Via ViSCOUllt Nelville Snd, Hadloy B. 
(308 hrs) 
CB-RB; Vie. H'Clintock Chan, Barrou Stro 
(4.1 hl's) 

RB-le; Via Barrot·T Str, Byam ~fartin Chan, 
Desbarats St, Haclea!l St1". (3.6 hrs) 
lC-RB; Via Danish Stl', Hassal Snd, Hendrik­
sen Str, Belche!' Chan, Penny Sti.", , 
HcDougall Snd. (2.8 hrs) 

RB-RB; Via BarroH Str, Bymn 1-fm'-tiin ls, 
Viscoun-G Helvillo Snel, H 'Clintock ChD.n, 
Barl'oH Str. (3.6 hr3) 

Sopt$23 RB ... mTj Via 'Hollington Chan, NOl'Hegian B, 
Em'eka S lld • (3 02 lu's) 

EU .. LT; Via Greely Fd, t3lm Hazon. (2.6 hrs) 
tT-IG; Via Hard Hrn1'G Is, Heig!i.en Is. 
(3.8 hrs) , 

Sept 0 25 

Flight No o 8' Sept.27 

IC--1-ID; Via BordEm ls, r.flClure Str •. (403 hrs) 

ND~.EV; Via N'Cluro Str~ Beaufort Seao 
(3.8 hrs) 

Sept.28 E.'V •• !"'1D; Vi:,l. ArûUl1dsen Gtüf, uestern Banks Is, 
N'Clrn.'o St:". (1;..0 hrs) 

Sep-t.:,30 ~1D~RB; VÜt northel"'u Viscount Helville Snd. 
(3" r~ h1':::) 



Flight No. 9 

169. 

Oct. -3 RB-CB;. Vi.!l,. Bar.l'Oi.of. Str,. N'Clintock Chan. 
(3.0 hro) . 

Oct. II- CB •. !-ID; Via H!Clilltock Chan, VisCOUll"h 
Melville Snd. (4.6 hrs) 

Oct. 6 ND.-EV; Via l·PClure Str, Beél:ufort. Sea.o 
(4 .. .0 hrs) 

Oct. 7 

Oct. 9 

Oct. 10 

EV-ND; Via AmUllds€lll Gulf, western Banks Is. 
(4.2 hl's) 

!1D-RB; Via mid Viscount. Helville Snd. 
(4.8 brs) 

RB-IC; Via Barrou Str ~ Byrun l'-~ar-l:;in Ohan, 
Nncleal1 Str. (303 hrs) 
lC-RB; Via Hassel Snd, Peroly Str, 
NcDougall Snd. (2.,2 MS) 

MD-Hould Bay 
lC~l8o.chsŒ'l 
EU-Eul"'eka. 

LT-.Uer-c 
RB-Rcsoluts Bay 
CB-Cambridge Bay 

SY-Sachs Harbour 
EV~lnuvik 
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APPENDIX Il 

TABLE i 

(~ueen 31izabeth Islands 

Queen Elizabeth Islands 

Queen Elizabeth Ishmds 

Queen Elizabeth Islands 

Queel1 Elizabet.h Islands 

Queen Elizabeth Islands 

Queen Elizabeth Islands 

Queen Elizabeth Isl3.l1ds 

Queen Elizabeth Islands 

Queen Elizab:ath Islands 

'~ueen Elizabeth Islands 

Queen '1:1izabeth Islands 

Queen Elizabeth Islands 

:1u8en Elizabeth Islands 

(ueen }Uizabeth Islands 

Que~'n Elizabeth If~J.3.nds 

Queen Elizabeth Islands 

Queen Elizabeth Islands 

nueen Elizabeth IslanclG 

QUGen Elizabeth Isl:mcls 

Queen Slizabeth Islands 

Queeü Elizaheth Tsl,'li:lrls 

Queen Eli3aoeth Isl.:u1C1s . 

Queen Elizabeth Isl,:tt'.ds 

Beé,ufort Sea /:..~cea. 

~,fIClintock Channel 

'~ueGn Elhaoeth Islanc1s 

F:'ImIT };o. 

l, 1961 

2, 1':;161 

3, 1')61 

4, 1961 

5, 1961 

6, 1'161 

7, 1961 
rj, 

0, 1961 

9, 1961 

l, 1962 

2, 1962 

3, 1962 

4, 1962 

5, 1962 

6, 1962 

l, 1963 

2, 1963 

3, 1963 

4, 1963 

5; 1963 

6, 1963 

l, 196L~ 

2, 196L~ 

3, 196L~ 
.... 19()!+ .J, 

3, 196!~ 

4, J.16/~ 

170. 

DATE 

Jlme 18 

June 26-30 

July 25-28 

July 30 

Au(:;o 3-5 

Aug. 11-12 

Aug. 27 

Sept. 6-8 

.Sept. 19·-23 

June 21-23 

July 5-6 

July 17-21 

Aug. 4-5 

Aug. 26-Se!)t.5 

Sept. 24-29 

June 21-2l~ 

July 4-9 

July 13-20 

Aue. 23-Sept.2 

Sept. 10-15 

Sept. 28-30 . 

June 21-2~ 

July 7-15 

July 24-!~:u[; 0 8 

AUGo 2 

AlJe; .' 7 

Allg. 10-13 
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D 28 Queen Eliz~beth Islands 5, 1964 Aug. 18-23 
<.':' 

Queen'Elizabeth 6, 1964 29 Islands Sept. 2-5 

30 Queen Elizabeth Islands 7, 1964 Sept.15-24 

31 Queen Elizabeth Islands 8, 1964 Sept.26-29 

32 Queen'Elizabeth Islands l, 1965 June 23-28 

33 ' H'C1intock Channel l, 1965 June 23 

34 ''';lueen Elizabeth Islands 2, 1965 July 5-7 

35 Queen Elizabeth Islands 3, 1965 July 16-22 

36 r!fCli..'YJ.tock Channel 3, 1965 July 22 

37 Queen Elizabeth Islands 4, 1965 Jiug. 3-12 

38 , :·l' C1intocl;: Channe+ 4, 1965 Aug. 3 

39 rTorthern Ellesmere Island 4, 1965 Aug. 10-11 

40 Queen 31izabeth Islands 5, 1965 Aug. 14-23 

41 ?j' Clintock Channel * 5, 1965 Aug. 19 

42, Amundsen Gulf Region 5, 1965 Aug. 20 

43 BeatLfort Sea Area 5, 1965 Aug. 20 

IJ.,.. Queen Elizabeth Islands 6, 1965 Aug. 28-Sept.3 

45 i·PClintock Ch&'111el 6, 1965 Sept. 3 

46 Queen Elizabeth Islands 7, 1965 Sept. 13-22 

47 N'C1intock Channel 7, 1965 Sept. 13 

48 Queen Elizabeth Islands 8, 1'165 Sept. 28-0ct./+ 

49 !'l'Clintock Channel 8, 1965 Oct. 4 

50 Queen Elizabeth Islands 1'-., 1966 JtUle 2-10 

51 'l-:orthern Ellesnere Island A, 1966 June 3 

52 Çue8n Elizabeth Islands l, 1966 J1Ule 19-30 

53 Eorthern EllesT:l(,")re Island'~ l, 1966 June 1)-21 

54 .:,r 1 Clintoc~-: Gham!ol l, 1966 June, 30 

55 '::ueen ~lizabeth Islands 2, 1966 July /+-·10 

56 Gulf of 200thin 2, 1966 July 6 

57 Iforthel'n ~llesT:1ere Island 2, 1966 July 9 

58 C V:~511 1~li ~~3..1)8·t,rl Isl~n,1s 3, 1966 JlLly 17-23 
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) 59 lJorthern Ellesmere Island 3, 1966 July 18 

60 Beaufort Sea Area 3, 1966 July 23 

61 Queen Elizabeth Islands .4, 1966 July 29-Augoll 

62 Nor-chern Ellesmere Island 4, 1966 July 30"':Aug 0 5 

63 Queen Elizabeth Islands 5, 1966 Aug. 15-31 

61 .. Beaufort Sea Area* 5, 1966 Aug. 15 

65 Northern Ellesmere Island 5, 1966 Aug. 27-28 
66 Queen Elizabeth Islands 6, 1966 Sept. 3-7 

67 Queen Elizabeth Islands 7, 1966 Sept.16-25 

68 H'Clintoclc Channel 7, 1966 Sept.lB 

69 Northern Ellesmere Island 7, 1966 Sept.23-21~ 

70 Queen Elizabeth Islands 8, 1966 Sept.27-0ct. 4 
71 Beaufort Sea Area 8, 1966 Sept.27-28 

72 N'Clintock Channel 8, 1966 Oct. 3-4 

73. Queen :!:lizabeth Islands 9, 1966 Oct. 6-10 

74 Beaufort Sea Area 9, 1966 Oct., 6-7 

75 Queen ~lizabeth Is1::mds A, 1967 Harch 16-29 

76 r~orthern E1les!'lere Island A , 1967 Narch 18 

* Denotes maps shown follO\üng this tabl~· 
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Figure i 
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M'PEND IX III 
Th 
;J TABLE i 

AREA '(~2) OF ICE AT THE END OF THE l,fONTH - smn/lER 1962 

AREA N.ANE JtJNE % JULY % AUG. d SEPT. % /'J 

1. HenCiriksen S.tr. 830. 100 250 30 750 90 
2. Hell Gate~~ 1460 94 600 39 470 30 
3. Byan Channel 1650 100 1400 84 1490 90 1490 90 
4. Penny Strai t 875 50 1195 68 
5. Fi tz\.rillia.:l1 Stro 1360 100 1000 53 360 19 1674 90 
6. Prince of Hales Str.-l,t 2280 100 1830 80 2052 90 
7. Wilkins Strait 2580 100 2320 90 1452 56 2322 90 
8. Crozier Channel 2680 100 540 20 260 97 2141+ 80 
9. ~·rcDoueall Sound 2790 100 840 30 170 6 990 35 

10o'Sverdrup Channel "', 3200 100 2900 90 2880 90 2880 90 
Il. Kel1et Strait 3300 100 190 6 2640 80 
12. Ballantyl1e strait 3300 100 2310 70 990 30 2810 66. 
13 .. Be1cher Channel 3400 100 2380 70 550 16 2380 . 70 
14. Hassel SOlli1d 4230 100 1690 1~0 850 20 3810 75 
15. Unnamed Area~~ 4850 100 3400 70 36!~0 75 4370 90 
16. Eure::.ca SOlmd 4850 100 480 10 4850 100 . 
17. Gree1y ~iord System 5260 100 200 4 5265 100 
18. Hassey SOUlld 52hO 100 4210 80 3950 75 4730 90 
19. Hazen Strr.lit 51~70 100 4930 90 4920 90 5470 100 
20. Austin Channel 5680 100 120 2 3070 51~ 
,21. Queens Channel* 1860 32 840 15 2820 1~9 
22. H' Clintock Chal1ne11~ 7120 100 5680 80 720' 10 4984 70 
23. Hee1s: and Gri:)er B. 7330 100 6960 95 5860 77 6590 90 
24. Nann8n SOlL"tld 7430 100 500 7 22)0 30 7L.,30 100 
25. Peel 30und~f 7430 100 430 6 
26. Peary Channel 7960 100 7562 95 ' 6760 85 7160 90 
270 Haclea.n Strait 8160 100 4930 60 3260 40 7750 95 
28. i,.[el1ington Channel 7950 97 
29. Unnarned ~'Lrea~~ 10530 100 9l~80 90 7890 75 8950 85 

. 30. Byam Vartl::l Channel 11560 100 8670 75 9250 80 10410 90 
31. Pro Gustaf Adolf Sea 13530 '100 12217 90 12217 90 12130 90 
320 Unni;.l.n18d Area.~f lL~970 100 1_,470 90 13470 90 13/~70 90 
33. Pro Re~~nt In1et* 
34. Jonec Sound 19920' 93 ~ 1200 6 2000 9 
35. Unnanod Areu-l< 22300 98 9900 43 7900 . 35 20350 
36. Lanc3.ster 80und 2270 9 
37 oÏ'IQj'H8gian Bay 25090 100 6800 27 2000 8 20070 90 
33. B,u'rml Strait 19410 75 3830 15 990 4 1350 5 
39 .. ~.~ 'Clw.'e stY.'ait. !;.I.~500 99 '23800 53 3590 8. 38170 71 
40. Vis. \'felvi11è Sound 8L~040 100 61200 '73 L~1000 1~8 71L~30 85 

3863!~0 8r1 . 203604 48 J.4H/~9 32 290486 65 
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APPENDIX III 

,:-li } :,l\ TABLE ii' 

AREA (km2) OF IGE AT THE END OF THE NONTH - SUl:F·1ER 196/+ 

AREA NAi"1E JUNE % JULY ct AUG. % SEPT. % ,u 

1. Hendriksen Str. 830 100 620 75 ;20 63 
2. Hel1 Gate~~ 290 19 310 20 150 10 
3. Byam Channel 1650 100 1650 100 1320 80. 1650 loo 
,~ . Penny S trai t 820 . 46 - -
5. FitzwilliaTJl str. 1860 100. 1860. 100 1860 100 1860 100 
6. Prince of Hales Str. * 2280 100 2280 100 950 42 2280 100 
7. Hilkins strait 2580 100 2580 100 2580 100 2580 100 
8. Crozier 8hanne1 2680 100 2680 100 22(,0 8L~ 2480 93 
9. HcDouga11 S otmd 2790 100 2170 78 560 20 2790 100 

la. Svel·di. ... up Channel 3200 100 3200 100 3200 100 3200 100 
110 Kel1et Strait, .3300 100 3300 100 2310 70 3300 100 
12. Bo.l1antyne Strait 3300 100 .3300 100 3300 100 3.300 100 
13. Be1cher Channel 3/+00 100 2720 80 400 12 3060 90. 
14- Hassel Sou''1d 4230 100 L~230 100 4230 100 4230 100 
15. Unna-ned Area;f 4850 100 4850 100 4850 100 4850 100 
16. Etu'eka 30Ui'1d '~850 100 L~010 83 1210 25 L~600 95 
'17. Groe1y Fiord System 5260 100 5260 100 3340 63 5260 100 
18. Hassey SOillld 5260 100 5260 100 52(,0 100 5260 100 
19, Hazen strait 5470 100 51+70 100 5470 100 5470 100 
20 0 Austin Channel 5680 100 5680 100 5L~80 97 5680 100 
21. Queens Channel-:(- 3470 60 520 9 320 6 
22. H'C1intock Chai:lne1~:' 7120 j.OO 7120 100 611-10 90 7120 100 
23. Hecla ffild Griper B. 7330 100 7330 100 7330 100 '7330 100 
2Ll-c Nansen Sound 7430 100 7430 100 6290 85 7430 100 
25. Peel Sound'::' 7430 100 7430 100 200 3 7430 100 
26. Peary Channel 7960 100 '7960 100 7960 100 7960 100 
27. Hace1an Strait 8160 100 8160 100 8160 100 8160 100 
28. Hellin~ton Channel 7990 98 53LI-0 65 2860 35 ~600 32 
29 .. Unn81:181 Area* 10530 100 10530 100 10530 100 10530 J.OO 
30 0 Byam Var"tin Channel 11560 100 11560 100 11560 100 11560 100 
31. Prince Gustaf Ad. Sen 13530 100 13530 100 13530 100 13530 100 
32. Unnamed ·P.rea·); 14970 100 14970 100 14970 100 14970 100 
33. Prince Regent Inll:rG;~ 17320 85 10/1-30 50 6580 31 
34. JOn,8S Sotmd 17L.J,.0 82 157~0 74 2570 12 240 1 
350 Unn~F!1ed Area* 22610 100 22610 100 22110 93 22610 100 
36. Lancaster Soum'! - -
37. NOl'\·,ee;ian Bay 25090 100 23640 9/+ 22580 90 23830 95 
38 0 Bari.'OH Strait 15700 61 11~240 55 8260 32 17760 69 
390 ~flClur0 Strait MI-910 100 /.)~910 100 1~01~20 90 L~2()60 95 
40 if' ",. 11'''' d o l8 •• ·:8_VJ.. e ,":lOUP. 8!;.01 .. 0 100 840!}O 100 798l;.0 95 8!~040 100 

399380 90 378/;.,'30 85 321570 72 352600 79 



0 ;, 

• 

\ 
J 

178. 

APPENDIX III 

TABLE iii 

AREA (krn2 ) OF ICE AT THE Et.ffi OF THE MOHTH - SUHHE~ 1966 

ARE A NA!,Œ JUNE % JULY % AUG. % SEPT. of 
p 

1. Hendriksen Str. 830 100 250 30 580 70 750 90 
20 Hell Gate~t 280 18 
3. Byam Channel 1650 100 1l~60 88 1480 90 1650 100 
4. Penny Strait 1260 72 1220 70 1140 65 
5. FitzHilliam Str. 1860 100 1860 100 1670 90 1860 100 
6. Prince of Hales Str. ~~ 2280 100 ' 2050 90 1480 65 2050 90 
7. Hilkins Strait 2580 100 2580 100 2580 100 2580 100 
8. Crozier ChaUl1e1 2680 100 2280 85 570 21 2680 100 
9. NcDouga1l SOll.l1d 2790 100 2650 95 2650 95 

10 0 Sverdrup Challi~e1 3200 100 3200 100 3200 100 3200 100 
Il. Ke11e"t strait 3300 100 300a 91 2310 70 3300 100 
12. Ballantyne St~ait 3300 100 3300 100 3.300 100 3300 100 
1.30 Be1cher Channel 3200 911- 3060 90 3060 90 3060 90 
140 Hassel Sound 4230 100 L~230 100 L~120 97 4120 ' 9'7 
15. Unnamed AreB.* L}85 0 100 /~850 100 4850 100 M~50 100 
16. Eureka Sound ~.s50 100 . 3390 70 1690 35 4·g00 99 
17. Grealy Fiord Sy'stem 52f10 100 5260 100 2110 L~O 5260' 100 
1.8. Nassey SOlli1d 5260 100 5260 100 5100 97 5100 97 
19. Hazcn strait 5!{10 100 54'70 100 51+70 100 5470 100 
20. Austin Channel 5680 100 55L~0 97 1990 35 5110 90 
21. Queens Channel'::' 4680 84 610 Il 3460 60 
22. M'Clintock Channel* 7120 100 61~00 90 4980 70 6410 90 
23. rIecla and Griper Bo 7330 100 7300 98 7330 100 7330 100 
24. Ea."I1sen Sound 7l~30 100 7430 100 6680 90 '7430 100 
25. :Oeel Sow.ld;~ 7/,,')0 100 4!~60 60 6690 90 
260 r)eary Channel 7960 100 7960 100 7960 100 7960 1.00 
270 HacJ.ean Strait 8160 100 8160 100 7960 97 8160 100 
28. Hel1inc;t.on Chall...'1e1 8000 ·98 5510 68 4900 60 
29. Unn3.:n!3d Area~f .. 10530 100 10530 100 10530 100 10530 100 
30. Byam Nartin Channel 11560 100 11560 100 10790 93 10980 95 
310 Pr. l'}ustt3.f lÎdolf 8ea 135.30 100 13530 100 13530 100 13530 100 
32. Unnamed .~rea* 149'70 100 1/.;.970 100 14970 100 1!~970 100 
33. ~rince ~eeent Inlet* 12580 60 125'70 60 521~0 25 6290 30 

, 34. Jon-38 Sound 20850 93 9600 45 
35. Unnamed Aree.';~ 22610 100 22610- 100 20350 90 22610 100 
360 Lancaster Sound 3300 l!~ 430 2 3380 14 
37. HorHcgian Bay 2!~990 99 24510 93 20330 81 22580 90 
380 BarrOH Stl'ait 25810 100 14CJ60 58 2270 8 20900 81 
390 l·POlu!'o Strait 113/,.50 97 37270 83 41320 92 43600 97 
LrOo Vis. Velvil10 Scitmd 8/;.040 100 77320 92 7'7480 92 81940 /,,8 

11-10860 92 356650 80 299540 67 365080 82 
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TABLE iv 

~ ESTIl--tl\.:rED EXPORT, D-1PORT, ABLATION DURING JUNE 1966 
j;' 

AR:~A NAHE #1 112 #3 JL4 /f5 116 ,#7 118 r:-

1. Hndrks 830 Nil 8.30 Nil Nil Nil Nil Nil 
2. HellGt "1550 1550 1550 Nil Nil Nil Nil 
3. ByamCh 1650 Nil 1650 Nil Nil Nil Nil' Nil 
4. Penny 1750 40 1260 490 +450 Nil 300 Al50 
5. Fitzwm 1860 Nil 1860 Nil Nil Nil Nil Nil 
6. PI·Tales 2280 Nil 2280° Nil Nil Nil Nil Nil 
.7. Wilkns 2580 Nil 2580 .Nil Nil Nil Nil Nil 
8. Croz:tr 2680 Nil 2680 Nil Nil Nil Nil Nil· 
9. f.fcDoug 2790 Nil 2790 Nil Nil Nil Nil Nil 

10. Svrdrp .3200 Nil 3200 Nil Nil Nil Nil Nil 
11. Kellet 3300 Nil 3300 Nil Nil Nil Nil Nil 
12. Baltin 3300 Nil 3300 Nil Nil Nil Nil Nil 
13. Belchr 3400 40 3200 200 +160 Nil Nil Al60 
14. Hassel 4230 Nil 4230 Nil Nil Nil Nil Nil 
15. UnName 4850 Nil 4850 Nil Nil Nil Nil Nil 
16. Eu Snd 4850 Nil 11-850 Nil Nil Nil Nil Nil 
17. Greely 5260 Nil 5260 Nil Nil Nil Nil Nil 
18. Hassey 5260 Nil 5260 Nil Nil Nil Nil Nil 
·19. Hazen 5L~70 Nil 5470 Nil Nil Nil Nil Nil 
20. Austin 5680 Nil 5680 Nil Nil Nil N°' ~- Nil 
21. Queens 5780 200' 4680 100 -100 300 Nil A200 
22. ~fClin-c, 7120 Nil 7120 Nil Nil Nil Nil Nil 
23. HecGrp 7.330 Nil 7320 Nil Nil Nil Nil Nil 
24. Nansen 7430 Nil 74.30 Nil Nil Nil Nil Nil 
·25. :?eelSd 7430 Nil 7/~30 Nil Nil Nil Nil Nil 
26. Peary 7960 Nil 7960 Nil Nil Nil Nil Hil 
27. Hcelan 8160 Nil 8160 Nil Nil Nil Nil lIil 
28. Hèl:htn 8160 Nil 8000 160 +160 Nil Nil A160 
290 UnNamc 10530 Nil 10530 Nil Nil Nil Nil l\!il 
30. Bym7'rar 11560 Nil 11560 Nil Nil ~al Nil Nil 
31. PGusAd 13530 Nil 13530 Nil Nil Nil Nil Nil 
32. Ul'1J~8.Ji1e 14970 Nil l!~970 . Nil Nil Nil Nil Nil 
33. PRegnt 20960 4000 125.30 8.380 +4.380 Nil 4180 A200 
.34. Jones 21370 100' 20350 520 +/1-20 Nil Nil AL;. 20 
.350 UnHame 22610 Nil 22610 Nil Nil Nil 11i1 Nil 
36. Lano::)'G 24160 2100 .3.300 20860 -1/~0 4180 Nil A4040 
.37. Lort-1'3g 25090 Nil 2l~990 100 +100 Nil Nil AlOO 
38. Barl'OH 25810 Nil 25810 Nil Hil Nil Hil Nil 
39. l'1jClure 1:4.910 1.300 43450 1460 +160 Nil 160 Al60 
40. Visl>:cl 84040 i.~il 840/+0 Nil Nil Nil Nil Nil 

. TOTArs M,,574l 410850 

#1 Total al'ca of ~,trait or Cha~m~l (kIl?) 
#2 . Tot~1 D.rea of open Ha.tcr at the e.nd of the previous month? O-cm2) 
/1.3 Total are2. of S(:8. ice at thc cnd of the present mOlrèh (Jan .... ) 
·~J4 Tota.l 3.rea of open "œ)Jer nt t.he 8l1Cl of the rJres·"mt raonth (k;n2) 
#5 Total exoQnsion(+) or contraction(-) of Op8:1 Hater c1ul'ing the present . ? 

month (km-) 
"" TotfÜ im901·t(:(~ ÙI.U'Ü!::;; prÜs'JYrt, mOE-i:.h (1::n12 j ;7"0 

#7 Tot:t.l é::rport.ed dm':i.n::,; pl'e::l\~i1-t iJ1ont.h (lcn? 
(.13 'rotaI m'Ga ubla.t.3d(A), f()rmed(î~) dm'in:r present month (Jcril2 ) 

Op(m ,·!at'31'; ice 1'1'00" 
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AREA 

1. 
2. 
3. 
4. ,. 
6. 
7. 
8. 
9. 

10. 
Il. 
120 
13. 
140 
150 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
250 
26. 
27. 
280 
29. 
300 
3I. 
32. 
33e 
34 .• 
~5. 
36. 
37. 
38. 
390 
40. 

TABLE v 

ESTD-IATED EXPOa'l', D1POR'l', ABLATION DURING JULY 1966 

NID·fi 

Hnch-ks 
HellGt 
ByamCh 
Penny 
FitZlo1!'il 
Ftfales 
1Ulkns 
Crozir 
HcDoug 
Svrc1rp 
Kellet 
Baltin 
Belchr 
Hassel 
UnNane 
Eu Snd 
Greely 
~'~assey 
Hazen 
Aus·liin 
Ql;leens 
1~Clint 
Hec:}rp 
Hansen 
PeelSd 
Pear.y 
~!celan 
1'lelntn 
UnName 
Byr!l\far 
PGusAd 
UnI'Tame 
PRegnt 
Jon83 
UnNane 
Lancst 
Non.reg 
Barrou 
~~Clura 
,Vis~·rel 
TO'fALS 

fil 112 
830 Nil 

1550 1550 
1650 Nil 
1750 490 
1860 Nil 
2280 Nil 
2580 Nil 
2680 Nil 
2790 Nil 
3200 ._ Nil 
3300 Nil 
3300 Nil 
3400 200 
42)0 Nil 
4850 Nil 
4850 Nil 
5260 Nj.1 
5260 Nil 
51~70 Nil 
5680 Nil 
5780 100 
'1120 Nil 
7330 Nil 
7430 Nil 
7430 Nil 
7960 Nil 
8160 Nil 
8160 160 

10530 Nil 
+1560 Nil 
13530 Nil 
11~970 Nil 
20r)50 8380 
21370 520 
22610 Nil' 
24160 20860 
25090 100 
25810 Nil 
44910 Jl~60 
81.;.040 NIl 

41;.5"141 3.3820 

113 
250 
280 

1l~60 

1860 
2050 
2580 
2280 
2650 
3200 
3000 
3300 
3060 
4230 
4850 
3390 
5260 
5260 
51/10 
551100 

6400 
·7300 
7430 
1/1060 
'7960 
8160 
5510 

105.30 
11560 
13530 
14970 
12570 

9600 
22610 

2L}510 
14960 
3'7270 
77320 

356520 

#4 
580 

1270 
190 

1750 
Nil 

230 
·Nil 

400 
140 

Nil 
300 

Nil 
340 

Nil 
Nil 
1460 

Nil 
Nil 
Nil 

140 
5780 

720 
Nil 
Nil' 

2970 
Nil 
Nil 

2650 
Nil 
Nil 
Nil 
Nil 

8390 
11770 
Nil 
2L~160 

580 
10850 
761~0 
6720 

89030 

115 
+580 
-280 
+190 

+1260 
Nil 
+230 

Nil 
. +400 
+1l~0 

Nil 
+300 

Nil 
-I-ll~O 

Nil 
Nil 
+1l~60 . 
Nil 
Nil 
Nil 
+11~0 

+5680 
+720 

Nil 
Nil 
+2970 
Nil 
Nil 
+2490 
Nil 
Nil 
Nil 
Nil 

+10 
+11250 
Nil 
+3300 
+1~30 

+10850 
-l-6180 
+6720 

+.55210 

#6 
Nil 

280 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 

900 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 

200 
Nil 
Nil 
Nil 
Nil 

500 
Nil 
Nil 

500 
Nil 
6860 
4280 
330 

13850 

117 
Nil 
Nil. 

190 
900 

Nil 
Nil 
Nil 

400 
140 

Nil 
300 

Nj~ 

Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 

1/100 
200 
500 

Nil 
Nil 
1100 

Nil 
Nil 
2L~20 

Nil 
lai 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 

280 
1000 

700 
1 .. 700 

1297.0 

~ll Tot.al area of Strl..'lit or Channel Oœ2) 
#2 Total area of open vlater at the end, of the previous month {lcm2) 
#3 Total areél. at seo. ic~~ at the elld at the p1'8Sent ntonth (kra2) 

#3 
A580 

Nil 
Nil 

A,360 
NU 

A230 
Nil 
Nil 
lUI 
Nil 
Nil 
Nil 

AlI,.O 
Nil 
Nil 
AlL~60 
Nil 
Nil 
Nil 
Nil 
A6580 

A2!20 
Nil 
Nil 
A1870 
Nil 
Nil 

A270 
Nil 
Nil 
Nil 
Nil 
A5l0 

All250 
Nil 
A3800 

A200 
A167l0 

A2500 
A2350 

A490) 0 

!Il~ Tot.al area of opon \-Tate!' at t.he end of the pi~esent month (1m2) 
#5 Totel expnn;:;ion(~·) o'c cont-r'l:l.ct.ion(.-) of oven Hater during the present. .. ) -

""0'1-'-'1 (l-~"") .:'~ j vI. . .. I:! 

l!6 Toi:;:::I. importcct dUl'ing pr038cil'G month (1.;'12 ) 
#7 Total o·:tport~~d du:. ... in;s prosent month (lUil2 ) 
f,~8 To"ttü nJ~':;O. ~.b18.t(~d.U'), or fOl'ii:cd(F) duri:ng pro~JOnt !:1Onth (h12 ) 

O;>en ' .. m'ter; iC9 1'1'08 



APPEND IX III 

TABLE vi 

ESTTI-fATED EXPOR'f', Ii·fPORT, ABLATION DURUm AUGUST 1966 

ARBA 

1. Hndrks 
2. HellGt 
3. ByalJlGh 
4. Penny 
5. FitzHm 
6. .Pivales 

Wilkns . 7. 
8. 
9. 

10. 
Il. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

'19. 

Grozir 
t1cDoug 
Svrdrp 
Kellet 
Baltin 
Belchr 
Hassel 
UnName 
Eu Snd 
Greely 
Eassey 
Hazen 

200 Aus'cin 
210 Queens 
22. 1'-!Clint 
23. RecGrp 
240 Nar."1sen 
, 25 • :?eelSd 
26. Peary 
270 .Ncelnn 
28. ~lelntn 
29. UnHame 
30. Byml,fal' 
31. :?GusAd 
32. UnName 
33. PRegnt 
34. Jones 
35. UnHame 
36. Lancst 
37. Norueg 
38. Barro'.-T 
39. 111Clura 
40. , Vis~·;el 

TarArE 

#1 
830' 

1550 
·1650 
1750 
1860 
2280 
2580 
2680 
2790 
3200 
3300 
3300 
3400 
4230 
I~850 
4850 
5260 
5260 
5470 
5680 
5780 
7120 
7330 
7430 

7430 
7960 
8160 
8160 

10530 
11560 
13530 
14970 
20960 
21370 
22610 
2L~160 
25090 
25810 
44910 
8L~040 

M~57L~l 

112 
5.80 

1270 
190 

17~0 
Nil 

230 
Nil 

400 
UO 

Nil 
300 

Nil 
340 

Nil 
Nil 
1460 

Nil 
Nil 
Nil 

140 
5780 
720 

Nil 
Nil 

2970 
Nil 
Nil 

2650 
Nil 
Nil 
Nil 
Nil 

8390 
11770 
Nil 
2L~60 

580 
10850 

761;,0 
6720 

89030 

#3 
580 

#4 #5 #6 
250 -330 530 

1550 +280 300 
14BO 170 -20 200 
1220 530 -1220 1930 
1670 190 +190 Nil 
l!~80 800 +570 Nil 
2580 ,Nil Nil Nil 
570 2110 +1710 30 

320'0 
2310 
3300 
3060 
I~20 
4850 
1690 
2110 
5100 
5/:-70 
1990 
610 

49S0 
7330 
6680 

2790 +2650 Nil 
Nil Nil Nil 

990 +690 70 
Nil Nil Nil. 

340 Nil Nil 
Nil Nil Nil 
Nil Nil Nil 
3160 + 1700 . 300 
3150 +3150 200 
160 +160 Nil 

Nil Nil Nil 
3690 +3550 400 
5170 -610 710 
2140 +1420 500 

Nil Nil Nil 
750 +750 Nil 

7430 +41}60 Nil 
7960 Nil Nil Nil 
7960 200 +200 Nil 

10530 
10790 

" 13530 
1!~970 
52L~0 

20350 
1~30 

20330 
2270 

/~320 
77480 

299540 

8160 +5510 Nil 
Nil Nil, Nil 

770 -'1"770 Nil 
Nil Nil Nil 
Nil Nil Nil 
15720 +7330 lIil 
213'70 +9606 Nil 
2260 +2260 200 

23730 -430 6330 
4.760 +4180 160 

23540 +12690 2500 
3590 -4050 4150 
6560 -160 3950 

145780 +57000 221~60 

181 0 

117 
Nil 
Nil 

120 
710 
100 
100 

Nil 
1500 . 
2000 

Nil 
560 

Nil 
Nil 
Nil 
Nil 
Nil 
Nil 

160 
Nil 
3830 

Nil 
720 

Nil 
500 

Nil 
Nil 

200 
Nil 
Nil 

600 
Nil 
Nil 
6330 

Nil 
2460 

Nil 
300 

Nil 
lal 
1000 

21190 

#1 Total ar~,a of Strait. or Char.J1Gl (lcm2.) 
. 112 Total ari38, of 008rl "J.3.ter at t.he end of ths previous month (1a",12) 

• "' ? If3 Total a1'8a of S8:.!. le'3 at the;! end of t.he orc:Jont month (kJiI-) 
#4 Total a':C'êJ2.: of open HF,t'e:t~ at the end of the r,>reo9nt month (kl1l2) 

#8 
A200 
A5~0 

A60 
Nil 

A90 
A470 

Nil 
A21~O 
A650 

Nil 
A200 

Nil 
Nil 
Nil 
Nil 
A2000 
A3350 
Nil 
Nil 
"Al20 
AlOO 

Al200 
Nil 

A250 
AV+60 
Nil 
Nil 
A5510 
Nil 

A170 
Nil 
Nil 
AlOOO 
A9600 
Nil 
A5900 
A40l;0 

A15l90 
AlOOO 
1\2950 

A59330 

If5 'l'oto~ e::;:n<"l.TISionf+ ) or contraction( -) of 01J8tl w..'..ter dlXrinq the prosent . ~) . '. -
month (kn"" 

.,1,!(-.. 'poJ··"J. l···r,··~·'-··l "'u"'''' ')·"o~··1, t'l_~'O." (1':m?) J _ l,U .~1 .IUL ,,\..,;\ .... , Ur. .LJ.H~ i L " ... ·~lt .... :.l,J lL.v.!.lv.\.1. .~ 1 .. -

#7 'fotal CXt)()l't()(~ c1l.l1:i1.Jg-' p;.'8~!:;nt rnonth (km2) 
~~8 'i.'ot<:i.1 l:IT(~[;. ablDted(A), or formGcl(F) Gu.rine pl"I?Gent month (kn2 ) 

Open 'fi!él.te:c'; ico j~r(3;:~ 



.... 

ARBil. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
Il. 
12. 
13. 
lL~. 

15. 
16. 
17. 
180 
19. 
20" 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 

.3/-1-" 
35. 
36. 
37. 
38. 
39. 
40. 

NANE 

Hndrks 
Hel1Gt 
ByamCh 
!Jenny 
Fitzwm 
?i-lales 
t-Jilkns 
Crozir 
HcDoug 
Svrdrp 
Kellet 
Baltin 
Belchr 
Hassel 
UnName 
Eu Snd 
Greely 
\1assey 
Hazen 
Austin 
Queens 
r·:Clint 
RecGl'p 
Nansen 
PeelScl 
Peary 
i~ccl!3.n 
T:Jelntn 
UnName 
BYT:J.!·:ar 
PGusAd 
UnNa..'J9 
PRGg~:t . 
Joncs 
t'nNï:'.T".18 
Lancst 
·Norueg 
Barrou 
?!Clure 
Vi~Hel 
TO'rALS 

fIl 

830 
1550 
1650 
1750 
1860 
2280 
2580 
2680 
2790 
3200 
3.300 
3300 
3400 
4230 
4850 
1~850 
52~0 
5260 
5470 
5680 
5780 
7120 
73.30 
7L~30 
7/.,JO 
7960 
8160 
8160 

10530 
11560 
1.3530 
14970 
20960 
21370 
226J.0 
24160 
25090 
258J.0 
44910 
f3A04Q 

L~45741 

APPEI1DD~ III 

.TABLE vii-

#2 

250 
1550 
170 
530 
190 
800 

Nil 
2110 
2790 

Nil 
990 

Nil 
340 

Nil 
Nil 
3160 
3150 

160 
}al 
3690 
5170 
2111-0 

Nil 
750 

7/+30 
Nil 

200 
8160 

iTil 
770 

Nil 
:ri il 
15720 

22(;0 
2.3730 
l/j-76 0 
2.35~.0 
3590 
6560. 

156030 

750 

1650 
1111-0 
1:360 
2050 
2580 
2(,80 
2650 
3200 
.3300 
3300 
3060 
4120 
4850 
4800 
5260 
510a 
54?0 
5110 
3460 
6410 
7330 
7/1-30 
6690 
7960 
8160 
4900 

10530 
10');:)0 
13530 
1~.9?0 
6290 

21370 
22610 
3380 

225:?O 
20800 
43600 
81')l~O 

365Cr~'O 

#4 

80 
1550 

Nil 
610 

Nil 
230 

Nil 
Nil 

111-0 
Nil 
Nil 
Nil 

340 
Nil 
Nil 

50 
Nil 

160 
Nil 

570 
2320 

710 
Hil 
Nil 

740 
iIil 
Nil 
3200 

Hil 
58û 

Nil 
nil 
1/;.670 
Nil 
i>/il 
20780 

2510 
4910 
1310 
?lOO 

'7f3}30 

· 1l5 iT 

-170 
Nil 

-170 
+80 

-190 
-570 

Nil 
-2110 
-2650 
Nil 

-990 
Nil 
Nil 
Nil 
Nil 
-3110 
-3150 
Nil 
Nil 
-3120 
-2850 
-430 
Fil 

-750 
-6690 
Nil 

-200 
-4'160 
Nil 
-l'~O 

Nil 
Nil 
-1050 
Nil 
-2260 
-2950 
-1~~250 

-13630 
-2280 
··!rL~60. 

-77100 

Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 

870 
Nil 
Nil 

800 
Nil 
Nil 
Nil 
Nil 
y,ril 
l'Til 
Nil 
Nil 
Nil 
1000 
1000 

Hil 
Nil 
:nil 
Eil 
~Til 

!Til 
Hil 
Nil 
Ni!. 
Nil 
Nil 
Hil 

700 
Nil 
1000 

Nil 
3/~70 
SBfrO 

182. 

#? 

Nil 
Nil 
1480 
1000 
1670 

Nil 
Nil 
Hil 
Nil 
Nil 
Nil 
Nil 
nil 
Fil 
Nil 
Nil 
Hil 
Nil 
laI 

1990 
Nil 

700 

Nil. 
Hil 
Hil 
Nil 
IIil 
ril 
m,l 
Hi1 
Nil 
1000 

Nil 
Nil 
Nil 
Nil 
Nil 
Hil 

2000 
9840 

#1 'l'otal area of ,Strc.i t or Channel (!~'il?) 
#2 'l'otal area of open Héi.t.ex' at the erd of th:] pl'ovious month (kn2) 
1,'3 '1.'ot~ü a:r'<>a 0 i' spn ice nt t11'" 1""',r1 of tbe Dr·"'S"llt r;'ll"\nt~l (18"ù2 ) 

J?170 
Nil 
F1650 

F920 
FI860 

F570 
Nil 
F12/l-O 
F2650 
Nil 
Fl90 

Nil 
Nil 
ril 
Nil 
F3l10 
F3l50 
Nil 
Nil 
:?5l10 
}i'185 0 
F1130 
Nil 

}'75 0 
F6690 
Nil 
F200 

F4'96 0 
Hil 

1"190 
Nil 
Nil 
F2050 
Fil 
F2260 
F2250 

F12250 
F1763 0 

F2280 
F2·)90 

~78100 

I,t4 (rot:~,~l ar;~, of o;;n T .. !at~r at~ tl;;:;··~m:i or tl:.e ·'p~~:.li~~~t m~r!tl; (k.712) 
1~5 Totnl exp~jnsion (+) or cont:I.',:wt:i.mî (-) of' 0:")3î1 'dater chrr i:1S t;16 pl'ëlsent 

faOllLh (k!!l~) . r 

t6 'fatAl j,,,r~ort8d dU..l"l;:'1g: IH'ê'SDtrl:, "::onth (kr:l.~) _ ,_ rj' 

1f7 To~val exoorl:-ed d1J:i.·i~1r! m.'E"1s<'J!::t. !ilf);~th· (1m-:') 
#8 ·Total 8.r~o. e..bl~:.t"d(A"), - or i'Ol"i1~,·:l(:n cin~':!r!;"; pr3::1El:IG r:;oiî"th (ktl2 ) 

Open .... mts'l· j ice fr88 


