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Les auteurs ont CtudiC I'Cvolution du profil de 1'6paisseur de glace et de neige d'une 
couverture de glace de mer ?I Mould Bay (7 km de large), pendant sa premitre et sa 
deuxitme annCe. Ce document fait Ctat de cette Cvolution et des observations notks sur les 
changements qui se sont opCrCs au niveau des propri6tCs physiques, chimiques (salinitk) et 
de la microstructure de la glace. I1 prCsente Cgalement des details sur la structure des bulles 
d'air ou de gaz emprisonn6es dans la glace de deux ans et celle de l'interface entre la vieille 
glace et la nouvelle glaee sous-jacente. 
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INTRODUCTION 

Mould Bay, an Atmospheric Environment Service upper a i r  and 

weather s t a t i o n  loca ted  a t  76O~,  119°20'W, provides one of t h e  

few s i t e s  f o r  a long term continuous study on t h e  aging process 

of s e a  i c e  as it  r e l a t e s  t o  remote sensing. Once the  f i r s t  year 

(FY) f a s t - i ce  cover has formed, t h e r e  is  a good chance t h e  i c e  

might s t a y  i n  t h e  bay f o r  a number of years  before  it  is  driven 

out by winds i n t o  Crozier Channel during the  summer period. 
Measurements of t h e  physical ,  chemical, microwave and mechanical 
p rope r t i e s  were c a r r i e d  out  i n  October 1981, June-July 1982 and 

Apr i l  1983. The i n i t i a l  i c e  cover formed during the  f a l l  of 1981 

a f t e r  a l l  t h e  o ld  i c e  had l e f t  t h e  bay. During t h e  summer of 1982 

the  i c e  melted only p a r t i a l l y ,  becoming by d e f i n i t i o n  second year 

(SY) i c e  a s  t he  new i c e  growth season s t a r t e d  i n  September 1982. 
During Apr i l  1983 a mu l t id i sc ip l ina ry ,  i n t e r n a t i o n a l  research team 

r e v i s i t e d  t h e  s i t e  a s  i n  previous seasons t o  document t h e  

p rope r t i e s  of SY i ce .  In  the  in te rvening  per iods ,  when no 
research teams were s t a t i oned  at  Mould Bay, members of t h e  AES 

weather s t a t i o n  ca r r i ed  out  rou t ine  observat ions on t h e  i ce .  

Published r e s u l t s  have concentrated on t h e  microwave p rope r t i e s  

(1,2),  t h e  s k e r  condit ions (3) and mechanical p rope r t i e s  (4,5).  
A s  i n  previous years ,  an east-west l i n e  with 10 s t a t i o n s  w a s  
es t ab l i shed  across  t h e  bay and the  i c e  p rope r t i e s  measured a t  each 

s t a t i o n .  The AES weather s t a t i o n  was used a s  t he .base  camp where 

a f i e l d  f a c i l i t y  based i n  t r a i l e r s  contained a cold room kept a t  

a temperature of -15+5OC and a heated labora tory .  I c e  samples 

co l l ec t ed  i n  t h e  bay were analyzed i n  t h e  f i e l d  with se l ec t ed  

samples shipped t o  t h e  National Research Council of Canada (NRC) 
f o r  d e t a i l e d  ana lys is .  This  paper d iscusses  i n  a general  way t h e  
changes which took p lace  i n  t h e  phys ica l ,  chemical and s t r u c t u r a l  

p rope r t i e s  during t h e  aging process from October 1981 t o  Apr i l  

1983 as w e l l  a s  t h e  SY i c e  a t  s t a t i o n  9. 

GENERAL OBSERVATIONS OF THE ICE COVER CHARACTERISTICS 
During t h e  study period 1-27 October 1981, t h e  N i c e  cover grew 

from 0.24 t o  0.54m i n  thickness .  S a l i n i t y  p r o f i l e s  were 

cons i s t en t  wi th  e a r l i e r  r e s u l t s  published i n  t h e  l i t e r a t u r e  ( 6 ) .  

A s  seen i n  Figure 1 t h e  i c e  cover had reached a maximum thickness  
of 2.17m and a snow cover of 0.65m. By mid J u l y  of 1982 the  

th ickness  of t h e  i c e  cover had diminished t o  1.38m, pr imari ly  by 
sur face  a b l a t i o n  and t o  a l e s s e r  ex ten t  by bottom melt. The 

minimum average th ickness  of 0.7m was reached around 1 September. 
The s a l i n i t y  by mid Ju ly  had decreased t o  a va lue  of l e s s  than 

3ppt throughout t h e  i c e  cover as compared t o  g r e a t e r  than 4.4ppt 

at  t h e  end of Apr i l  1982. A t  t h e  end of June, ponding on the  
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sur face  had increased t o  90% and decreased s h o r t l y  t h e r e a f t e r  t o  

less than 50% (3) .  The e f f e c t  of t h e  a b l a t i o n  and drainage 

caused the  su r f ace  t o  become undulated with a r e l i e f  of 0.3m. 

Shore leads  formed along both t h e  e a s t  and west coas t s  of t h e  bay, 

however t h e  i c e  cover remained s t a t i o n a r y  i n  t h e  bay. I c e  growth 

during year  two (Figure 1 )  p lu s  t h e  add i t i on  of t h e  SY i c e  gave a 

t o t a l  i c e  th ickness  of 1.75m a t  t h e  beginning of t h e  new 

experimental per iod (31 March - 10 May 1983) and a snow depth of 

0.4m. 

I C E  COVER CHARACTERISTICS 1983 

Figure 2 shows t h e  i c e  th ickness  p r o f i l e  ac ros s  t h e  bay f o r  t h e  

5 t h  of Apr i l  1983. The second year  i c e  was l oca t ed  between 

s t a t i o n s  2 and 9 with  a re f rozen  l ead  near  s t a t i o n  7. The 

th ickness  of t h e  second year  i c e  va r i ed  between a minimum of 0.17m 

a t  s t a t i o n  2 and a maximum of 0.90m a t  s t a t i o n  5.  The maximum 

underlying new i c e  growth had a th ickness  of 2.06m a t  s t a t i o n  7 
and a minimum of 1.35m a t  s t a t i o n  5.  The shore l eads  cons is ted  

e n t i r e l y  of f i r s t  year  i c e  wi th  t h e  maximum th ickness  of 2.5m a t  

s t a t i o n  10 which coincided wi th  an absence of snow. The snow 

var ied  between 0 . 1  t o  0.6m over  t h e  remainder of t h e  s t a t i o n s .  

The SY i c e  cover was completely desa l ina t ed  a s  shown i n  Figure 3 
f o r  s t a t i o n  9. The N had an average bulk s a l i n i t y  of 4.450.3ppt 

while  t h e  underlying new i c e  growth had an average bulk s a l i n i t y  

of 3.750.7ppt. The FY i c e  was opaque and had a l a y e r  of f r a z i l  

a t  t h e  sur face .  The average dens i ty  of t h e  SY cover was 913'5 

kg/m3 while  t h e  average dens i ty  of N i c e  was 902+15 kg/m3 

(Figure 3 ) .  

The i c e  f a b r i c  was columnar grained through t h e  e n t i r e  i c e  cover 

(Figure 3) wi th  an a n i s o t r o p i c  f a b r i c  and t ex tu re .  The mean 
c-axis of t h e  c r y s t a l s  was i n  t h e  ho r i zon ta l  plane and observed 

t o  be p a r a l l e l  (+lo0)  t o  t h e  N-S a x i s  of t h e  bay which coincides  

with t h e  d i r e c t i o n  of t h e  t i d a l  cur ren t .  Other i n v e s t i g a t o r s  

have observed a s i m i l a r  alignment of t h e  c-axis i n  a r e a s  a f f e c t e d  

by shore cu r r en t s  (6) .  

Detai led a n a l y s i s  of t he  t r a n s i t i o n  zpne between SY and t h e  new 

i c e  growth shows a r ap id  i nc rease  i n  s a l i n i t y  from 0 t o  3.7ppt 

over a s h o r t  d i s t ance  of 0.05m. A s  shown i n  Figure 4,  t h e  

i n t e r f a c e  was marked by a high concent ra t ion  of s m a l l  c i r c u l a r  

bubbles. The bubbles wi th in  t h e  f a b r i c  were predominantly 

c i r c u l a r  i n  shape and loca ted  a t  t he  subgrain boundaries.  Eighty 

two per  cen t  of t h e  bubbles had diameters  of l e s s  than 0.001m. 

Tables 1 and 2 represen t  t h e  r e s u l t s  of t h e  bubble a n a l y s i s  a s  a 

func t ion  of depth.  

DISCUSSION 
The most s t r i k i n g  observa t ions  were t h e  events  a s soc i a t ed  wi th  t h e  

t r a n s i t i o n  zone between SY i c e  and t h e  new i c e  growth. 

S p e c i f i c a l l y  t he se  events  were t h e  sharp  i nc rease  i n  s a l i n i t y ,  t h e  

cont inua l  columnar growth, t h e  preserva t ion  of t h e  f a b r i c ,  and an 

i nc rease  i n  subs t ruc tu re  ac ros s  t h e  boundary. It is  proposed t h a t  

t h e  d e s a l i n a t i o n  of t h e  SY i c e  occurred predominantly by g r a v i t y  



drainage during the melt season and that the aging processes did 

not affect :he fabric. The bulk FY ice properties were very 
similg-r to the new ice growth underneath the SY ice cover, and 

was classified as FY ice as shown in Figures 1 and 2. 

If one projects the aging process to a third year, depending on 

how much slrrface melt takes place, one can end up with either 

tllir; year ice which is by definition multi-year ice or with a 

new SY ice if the total thickness of the previous SY melts away. 

Thc properties of these two ice types in the third year would be 

different as would the two SY ice types as compared from the 

second to the third year. 

It is clear that the aging process is a very complex process 

which depends particularly on the amount of ablation and how it 

affects the near surface properties of the ice. These changes 

in the aging process are clearly observable in the 90 GHz passive 

microwave data collected with the Naval Research Laboratory P-3 

aircraft in the Mould Bay region in 1981 (1). The spread of 

emissivity for old ice varies between 0.68 to 0.85. This high 

variation in emissivity makes it very difficult to select the 

proper value for inclusion in sea ice algorithms to determine the 

fraction of old ice present. 
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FIGURE 1. SCHEMATIC DIAGRAM OF THE AGING PROCESS OF 

THE SEA ICE AT MOULD BAY, NWT OCTOBER 1981 TO MAY 

1983. NOTE THAT IN NATURE THE SURFACES OF THE ICE 

COVER ARE AT THE SAME ELEVATION. MOULD BAY IS A 

DEEP WATER (200m) INLET 30km LONG AND 7km WIDE. IT 

ENTERS INTO CROZIER CHANNEL AT ITS SOUTH END. 

flrst year ice 

o - 2.251v water 12.25 

Distance Across Bay  ( k m )  

FIGURE 2. ICE CONDITIONS AT MOULD BAY, NWT FOR THE 

STUDY PERIOD MARCH - APRIL 1983. THE SECOND YEAR 

ICE REMAINED ESSENTIALLY INTACT IN THE CENTRE OF 

THE BAY. STATION 1 WAS LOCATED IN THE FORESHORE FLATS. 
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FIGURE 3 .  VERTICAL DENSITY, SALINITY AND TEXTURE 

PROFILE FOR SECOND YEAR SEA I C E  AT STATION 9 ,  MOULD 

BAY, A P R I L  1983. THE NEW I C E  GROWTH CONTINUED THE 

OVERLYING ORTHOTROPHIC TEXTURE AND FABRIC. NO CHANGE 

I N  DENSITY WAS OBSERVED BETWEEN THE SECOND YEAR AND 

F I R S T  YEAR I C E .  THE DATA WERE BASED ON OVER 40 

SAMPLES COLLECTED FRGM THE SECONE YEAR I C E  STATIONS. 

FIGURE 4. ABOVE, CLOSE-UP VIEW OF THE VERTICAL THIN 

SECTION CONTAINING THE SECOND YEAR-FIRST YEAR I C E  

INTERFACE. THE PHOTOS ARE OF THE SAME THIN SECTION 

PHOTOGRAPHED UNDER CROSS POLARIZED LIGHT (LEFT) AND 

SCATTERED LIGHT (RIGHT) . 



DEPTH (CM) OF BUBBLE AVERAGE BUBBLE MEAN HORIZONTAL DIMENSION (MM) 
HORIZONTAL COUNT NUMBER OF BUBBLES DENSITY / ~ 3  CIRCULAR ELLIPTICAL 
THIN SECTION AREA (cM~) CIRCULAR E L L I i T I C A L  TOTAL 

a NO. 
( x ~ o - ~  (0) (Major Axis) --- 

6 0 73.4 26.6 1048 1..812 7.9 1.15 f 0.47 1.07 f 0.39 
3 5 61.3 38.7 1303 37.2f21.8 0.99f 0.84 1.45f 1.19 
30 63.4 36.5 363 12.1 f 7.5 0.33 f 0.23 1.022 1.05 
30 68.0 32.0 297 9.9 t 3.8 0.692 0.29 0.942 0.44 
3 0 70.0 30.0 269 8.9 2 2.8 0.64 f 0.27 0.81 f 0.33 
3 0 57.8 40.2 418 13.9 f 4.1 0.69f 0.26 1.042 0.37 
25 59.8 40.2 246 9.8 f 3.2 0.64 f 0.26 0.98 f 0.39 

14.5 25 58.8 41.2 123 4.9 f 2.3 0.52 f 0.20 0.75 f 0.27 
15.1 3 0 85.2 14.8 239 8.823.4 0.62 f 0.35 1.262 0.79 

RANGE OF TOTAL NUMBER MEAN VERTICAL 

VERTICAL OF DIMENSION 

DEPTfl (CM) BUBBLES (MH) 

O t o l  , 2 9 5.5 f 0.94 
1 - 2 102 5.0 f 0.96 
2 - 3  3 6 4.2 f 0.45 
3 - 4 9 3.0 f 0.26 
4 - 5  37 4.6 t 0.54 
5 - 6  26 9.1 f 1.19 
6 - 7 56 5.1 t 0.93 
7 - 8  4 3 5.7 t 0.87 
9 - 10 5 5 4.0 t 1.90 
10 - 12 7 8 6.6 f 3.92 
12 - 13 170 0.66 f 7.34 
13 - 14 122 0.27 f 0.56 
14 - 15 119 0.36 f 0.46 

TABLE 1. ABOVE, SECOND YEAR ICE 

BUBBLE CHARACTERISTICS. THE BUBBLES 

WERE ANALYZED IN THE HORIZONTAL PLANE 

FROM HORIZONTAL THIN SECTIONS. 83% 

OF THE BUBBLES HAD DIAMETERS OF LESS 

THAN 1MM. THE MEAN BUBBLE DIMENSION 

FOR CIRCULAR BUBBLES WAS 0.692 0.2MM 

AND 1.04' 0.2MM FOR ELLIPTICAL BUBBLES. 

TABLE 2. LEFT, SECOND YEAR ICE BUBBLE 

DIMENSIONS IN THE VERTICAL PLANE BASED 

ON VERTICAL THIN SECTIONS. THE BUBBLES 

CONSISTED OF VERTICAL TRAILS LESS THAN 

7MM LONG. 



T h i s  paper  i s  be ing  d i s t r i b u t e d  i n  r e p r i n t  

form by t h e  I n s t i t u t e  f o r  Research i n  

Cons t ruc t ion .  A l i s t  of b u i l d i n g  p r a c t i c e  

and r e s e a r c h  p u b l i c a t i o n s  a v a i l a b l e  from 

t h e  I n s t i t u t e  may be ob ta ined  by w r i t i n g  t o  

t h e  P u b l i c a t i o n s  S e c t i o n ,  I n s t i t u t e  f o r  

Research i n  C o n s t r u c t i o n ,  Na t iona l  Research 

C o u n c i l  of  Canada ,  O t t a w a ,  O n t a r i o ,  

K1A OR6. 

Ce document e s t  d i s t r i b u g  sous  forme de 

t i rd -3 -par t  p a r  1 ' I n s t i t u t  de recherche  e n  
c o n s t r u c t i o n .  On peut  o b t e n i r  une l i s t e  

d e s  p u b l i c a t i o n s  de 1 ' I n s t i t u t  p o r t a n t  s u r  

l e s  t echn iques  ou les recherches  e n  mar ig re  

d e  bdtiment e n  d c r i v a n t  3 l a  S e c t i o n  d e s  

p u b l i c a t i o n s ,  I n s t i t u t  de  recherche  e n  

c o n s t r u c t i o n ,  C o n s e i l  n a t i o n a l  d e  

r e c h e r c h e s  du Canada, Ottawa ( O n t a r i o ) ,  

KIA OR6. 


