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. The -cores collected from areas beneath surface hummocks generally showed a
\systematic inerease in salinity with depth from 0 0400 at the surface to about

‘ drainage mechanism from brine expulsion to gravity drainage.

"multiyear sea ice.

W
KPLATKS DO FORM 1473, ¥ 24M G4, LM I8
DD oy, 0:1‘73 Re3LETE PO anu Us.

. The salinity distribution in multiyear seéa ice is dependent on the ice
‘topography and cannot be adequately represented by a single average profile.

4 979 at the base. The cores collected from areas beneath surface depres~
sions were much more saline and displuyed large salinity fluctuations. Salin-
ity observations from sea ice of varying thicknesses and .ages collected at
various arctic and subarctic locations revealed a strong correlation between
the average salinity of the ice, S, and the ice thickness, %, For salinity
samples collected from cold sea ice at the end of the growth season, this
relationship can be represented by two linear equations: & = 14.24 -

19.392 (h < 0.4 m); S = 7.88 - 1.59h (h > 0.4 m), It is suggested that the
pronounced break in slope at 0.4 m is due to a change in the dominant brine

A linear
regression for the data collected during the melt season zives S = 1.58 +
0.187. An annual cyclic variation of the mean salinity probably exists for
The mean salinity should reach a maximum at the end of

the growth séason and a minimum at ‘the end of the melt season.
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PREFACE

This repost was:prépared by Gordon FN, Cox, Dept. of Barth Sciences, Dartmouth
College, and-Dr. Wilford F. Weeks, Gluciologist, Snow and Ice Braiich, Research
Division, U.S. Army Cold Regions Research-and ‘Engineering Laboratory, The:research
was siupported-by-grant.-AG 344 from'the Officeof Polar Programs of-the 'National Science
Foundation.

The-authors wish to thank'S. Ackley, Dr. W.D. Hibler, 111, A. Kovacs and Dr. R.O.
Ramseier for-their -assistance during the field work. Dr. Hibler alse gave advice on
certain-data-handling: procedures. In addition, Dr. A, -Assur, A. Kovacs and.S. DenHartog:
made available a Jarge-number of unpublished.salinity. profiles. This work would have
been-impossible without-the enthusiastic support of Dr. M. Untersteiner and the staff of

‘the ‘AIDJEX pioject.office. Technical review of the.manuscript was performed:by

Dr. Untersteiner and Dr, Hibler.

The-contents-of: this-report -are-not-to be-used=for advertising, publication, or-pfo-
motionul purposes. Citation of trade namnes does not constitute an official endorsement

-or-approval of the use of such comriercialiproducts.
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SALINITY VARIATIONS IN SEA:ICE
by
Gordon F.N. Gox-aad Wilford F. Weeks

IN'!‘RGBUCTXON

Despite the importance of:the salinity prol.. *-in deternitning the mechanical, thermal and
electromagnetic properties of sea ice, few ice alinity data:-have been collected. Those data which
are-availablo-have-usually boen-cbtained: as an-adjunct-to:some-otherstudy-and: have- thereforevnat
been systematically-analyzad in their own right,

The salinity distribution in multiyear ice has-b. ‘n particularly neglected. The prime reference
on this.subject i8 the study Schwarzacher (1959) perfitinea during the drift of Ice-Station Alpha in
the Arctic Ocean. Inithis study ke computed-an average multiyear salinity prpfi_ie based on the
salinity profiles from 40 cores. This mean profile is commonly quoted in‘the literature and has
served as a basis for 2 variety-of calculations in which theprofile propertids of multiyear sea ice
cre important:(Assur 1967, Untersteiner 1967, Weeks and Assue 1967, Maykut and Untersteiner 1971).
‘However, his study does not-encompass such variables as surface topography, internal structure,
age and.thickness, all of which must affect the multiyear salinity profile. Nor does it adequately
describe the transition from:a tirst-year to a multiyeat.ice salinity-profile and the brine drainage
mechanisms (Untersteiner 1867).

The present study was undertaken to 'supplement Schwarzacher’s data and-to determine the'
variation, if any, in multiyear ice salinity. profiles with changes-in ice surface topography. The
results-also led to an examination of the variation of the mean salinity of*both first-year and
multiyear ice with changes in ice thickuess.

FIELD 8ITES AND PROCEDURES

Most of the multiyear ice.salinity data used.in this paper were collected during March and
April 1972 from an area near the main AIDJEX camp, located in the Beaufort Sea at approximately
75°N, 148°W (Fig. 1). Here salinity cores were collected frombeneath both melt hummocks and the
adjacent depressions which presumably.tepregent sites-at which melt ponds were located during the

-summers. Care was taken-te avoid pressure ridges and areas of-deformed ice, Salinity samples from

new ice wera collected at'daily intervals from-a 3- x 3-r test: poad cut in the thin ice of a refrozen
lead. Continuous ice samples 7.6 cm:in diameter were obtzined with a GRREL corer attached to a
power drill, Once the.core wasremoved.from the ice, it was quickly cut into 10-cm sections with 2
band saw and sealed in airtight 1-quatt freezeér containers. Very thin ice was cut in 2-cm sections.
The salinity of the melted.ice was then determined with-a Beckman conductivity- golubridge (¢ 0.1 %),
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Figute 1, Sampling area near main AIDJEX camp. A-A* and B-B*.are approximate crass-section.
lines,

Because of cold air (~25°C)-and low ice temperatures-during sampling, there was very Iittle brine
drainage. No large.brine pockets.and only a few brine drainage tubes were observed, o that-the
saiinity profiles should be representative. Approximate ice-temperatures were obtained from some
cores-as soon 2s they wetv removed from the.ice-sheet by inserting a-thermistor into the core center.

These results were combined with additional salinity observations collected by investigators
onfield projects on.the Labrador-coast, the Bering and Beaufort Seas,.and V'scount Mslvills Sound.
The sampling techniques were similar to those used in this study, except that salinities-in the
Hopedale, Labrador, study were detérmined by hydrometer.

RESULYS

Salinity profiles of the melt hummocks differed significantly-from those of the depressions.
The hummocksshowed a:systematic increase-in-salinity with depth from 0 %,-at the surface. to aboit
4'%,, at the base (Fig. 2). The depressions showed large, irregular salinity fluctuations (Fig. 3, 4),
and the upper layers in these cores showed salinity values up-to 8.3 %,. Because of the:low amhient
temperatures, it was impossible to avold-cooling of‘the core upon removal from the ice sheet. To
compensate for this-effect, only the maximum temperature valyes were considered when interd, ‘g
the temperature profilas shown in'Figures 2, 3 and 4.. The brine volumes shown were calculated by
using the equation derived by Frankenstein and Garner (1967) based on Assur’s (1960).brine volume
table. Figure 5 illustrates the ice topogtaphy, lcs-thickness, and relative-position of-some of the
salinity cores. A tabulation of the AIDJEX multiyear ice core data is presented in> Appendix: A,

‘Reproduced from
best available copy. '
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Figure 5. Cross section A-A* (Fig. 1) illustrating.ice topography, thickness, and rela-
tive position of some of the salinity cores. S1, S2, 83, étc., denote salinity core sites;
and H1, H2, H3, etc., denote drill holes for ice thickness determination.

For further comparison, average salirity profiles of both.hummocks and depressicns were

¢ 7

b ———.

computed using the upper ice surface as a reference. Short_periodic fluctuations were removed from
individual profiles before averaging by calculating three-point (equally weighted) running means.
The resulting curves are shown in Figure 6. Curve A is the averags-hummock profile based.on
saven cores, and curve B is the average depression profile based-on ten cores. Curve C is the
average multiyear sea ice salinity profile determine.l by Schwarzacher (1959). The lower portions
of the curves are‘the least reliable, because most profiles were not of equal length. Curve B s

not truly representative, in that the irregular salinity fluctuations typical of ndividual depression
profiles have been removed by averaging all the profiles. However, it is clear that the average
salinity of the depression profile (3.9%,) is much greater than that of the hummock profile (2.6 %),
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Satinay % Once it wag determined-that.theosa diffcrences
: & wre consistoit, a@efression-hummock-dspréssion
. sectim wss sampled-in.dstail, To study thervaria-

4op - tioh in.salinity; cotes were taken:at 1-m Antarvals.
e The results: (Pig. 7): ﬂlustsa.e geveral f8atures.
60 . typical of hummockand' depressicn-profiles, The
- saluoontent-is ruch lower Jifsthe upper. portion .of
120 - the. liumimack-than diy the -adjacent depressions.
- Ths. Atansition fzom high-to lowssalinity takes
e 160 . place Iatemll; rithin@'m, Also, the-salinity of
v . the ice boneath the depressions is groater and
% 200 4 more vaciable. ‘Distinet-distribution patisthe are
) . -evident. The salinity in:the.center of the ice.ds.
240 4 distributed: imegidarly, with isdlated high and‘low
] .salinity pockets; the top asdbottom.portions ave
280 . steatified. The-lower, hiore.uniform portion-of the
. ice-is undoubtedly.ths growth of thepravicus
320 g wintet. Tha-salinity datafor-the-16 cores-aré
R presented in Appendix A, profiles. D1-D16,
260 i A stiong corralation was faund-bétwasn-the
400 , ) . ' : N average salinity of the ine,.as determined:from its

salinity prorﬂa, and'the-ics thicknegs-at-thé pro~
- tile.location. Figure:8 pluis-the average salinity
Figure 6. Average salihity profiles. Curves  of the ice. and-the ice'thickness 85 .& function of

4 and B are-the average-hummock and de« position for profile .B<Bt, As the-thickness of the
pression salinity profiles, respectively. fce increases, the average salinity decreases. To
Curve C is'the multiyear ice average salin exanmine this relation further, the: AIDJEX dats

ity profile determined by Schwarzacher (1959).  were supplemented with-salinity observations from

868 iceof varying thickness and>age collected at

other aretie and subarctic locations. The .investi~
gators, numbar. of cores, and sampling locations and dates are summarized>in Table I. The average
salinity/ice thickness data are tabulated in Appendix B. In the analysis, the data were divided into
two sets bassed on-the condition of the ice at the time of sampling, Figure ‘9 contains the results
from cores collected from cold ice during the fce grewth season. Figure 10.contains salinity samples
taken only from warm, deteriorated ice during the melt season. In the.cold ice (Fig. 9) there is a
pronounced decrease In the mean ice salinity associated with an.increase L the ice thickness, and
a sharp break occurs in the curve at approximately G. 4 m. Tae relationship betweon S (the average
salinity of the-ice in %) and h (the ice thi _.ess in meters) can be well represented by two linear
regression lines-of S upon k: ‘

S = 14.24 - 19,39 h<04m

$= 7.88- 1,50 h>04m

The correlation coefficients for these-relations are -0.78 and ~0.94, respectively, significantly
different from zero at the 0.005 level. Least-squares fits of the combined data by a polynomial and
exponential curve were also made. However, because of the apparent sharp break in slope at 0.4 m
significantly poorer fits were obtained. :

The decreass in S with increasing h as shown in Figure 9 is hardly surprising, in tirst-year ice
similar trends have been documented by Malmgren (1927) and by Weeks and Les (1958, 1982),

A T s e b
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Figure 7. Cross section B-B' (Fig. 1) illustrating the variation of salinity with.topography. Iso-
salinity:lines are drawn at 1 %,, intervals.
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Figure 8. Average salinity of the ice and the ice thickness plotted as a function of
position for profile B-B* (Fig, 1).
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Figure 9. Average salinity of sea ice as a function of ice thickness for cold sea ice sampled during
the growth season. The standard error of the estimate is 1.5 ™, for thin ice and 0.6 ¥y, for thick ice.

Tahle 1. Data sources for average sea ice salinities (persoual communications),

Thickness Observation No. of
Location Ice type (m) period cores Source
Cold ico <04 m
Hopedale,.Labrador Young 0.08.0.40 Dec-Jan 19567 26 Weeks and Lee
Visconnt Melville Sound  Young 0.22.0.40 Oct 1969 14 DenHartog
Beaufort Sea Young 0.638-0.40 Apr 1972 24 Cox
Cold iea > 04 m
Hopedale, Labrador Firat-year 0.68-0.92 Jan-Mar 19567 15 Weeks and Loe
Boring Sea First-year 1.22.1.30 Feb-Mar 1970 9 Kovacs and Kalafut
Beaufort Sea Tirst-year 1,02-1.48 Apr 1969 4 Kovacs
Multiyear 1.85-4.00 Mar 1971 3 Kovacs et al.
Multiyear 2.10.3.50 Mar-Apr 1972 30 Cox
VWarn: fee
Hopedaie, Labrador First-year 1.03-1.18 Mar-May 1957 14 Weeks and Lee
Beaufort Sea Multiyear 2.64-3.60 June-Aug 1858 9 Assur
Viscount Melville Sound  Multiyear 0.88-3.88 Sept-Ont 1969 18 DenHartog
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Figure 10. Average salinity of sea ice as a function of ice thickness for warm sea ice sampled
during or at the end of the melt season.

Howe' er, the observation that the values from a wide variety of field sites lie on the same curve
with very little scatter was unexpected, particularly for multiyear ice.

Figure 10 shows a plot of S versus h values obtained from sea ice that was nearly at melting
temperature when sampled. Much of this ice showed signs of deterjoration and contained large
cavitics and drainage tubes. Appreciable amounts of brine were probably lost dwing sampling. The
data from Hopedale, Labrador, were collected in first-year ice at the start of the melt season. The
remainder of the dita came from multiyear ice in Viscount Melville Sound and the Beaufort Sea. A
linear regression line of S upon h for these latter data gives

S = 1.58 + 0.18h

with a correlation coefficient of +0.25, which is not significantly different from zero at the 0.10
level, The average salinity of the : arm multiyear ice is clearly lower than the average observed
for cold multivear ice of a similar thickness.
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Figure 11. Plot of the average salinity of the upper meter of the ice versus the freeboard
height.

DISCUSSION

The low salt content (less than 1 %) of the upper pottions of the hummocks is probably due
primarily to brine drainageby flushing. Flushing resembles gravity drainage in that the brine
moves through interconnected tubes and cavities. The force to overcome cupillary retention 1s the
hydrostatic head moduced when snow ot ice melts on the surface. A hydrostatic head himits flush-
ing to periods of melt and to locations in which the ice above the freeboard i3 permachls
(Untersteiner 1967). If such a process is respensible for brine drainage, a strong relattonsh.,
should be evident between the average salinity of the upper portion of the ice and the freeboard
height. Most of the salinity profiles did show a gradual decrease in salinity above sea level
(Fig. 2, 4), and those that did not (Fig. 3) had a very low freeboard. Flgure 11 shows the average
salinity of the upper meter of the ice .lotted against the freeboard height. As the freaboard height
increases, the aversge salinity of the upper portion of the ice decreases. The correlation coef-
ficient for the data is -0.88, which is significantly different from zero at the 0.005 level.
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10 SALINITY VARIATIONS IN SEA ICE

Since the growth history of thie ice sheet is unknown, the characteristics of the depression
salinity profiles cannot be readily explained. The high average salimity and crude C shape of the
depression profiles suggest that the ice beneath the depressions vould be first-year. It 1s not
uncommen to find first-year ice in excess of 2 m thick. For ins.ance, Laugleben (1970) found
smooth first-year ice 2.4 m thick in Tanquary Fiord, Ellesmere Island. The average salinjty of
this ice was about 4 %,. which correspends to the mean salinity of the average depression profile.
Thus, the Jepressions may be areas within the multiyear floe thut melted through during the previous
surimer and then refroze in the fail. The ice i such a frozen melt hole could conceivably exhibit
the charactenstics of the depression sslinity profiles.

However, wedoubt that these depressions were once melt loles, Not only ts a melt hole a
much rarer feature than a melt pond, but if all the depressions had indeed perforated the flos, it
probably would not have survived the summer. A visit to the camp i Qotober 1972 showed that only
surface ponds had formed in the summer, even though the fice was farther south than 1t had been in
the summier of 1971, We therefore believe that the differences we have observed between multtyear
salinity profiles are related to surface melt pond formation and not to perforation,

The principal brine drainage mechanisms in sea ice are brine expulsion, gravity drainage, snd
flushing (Untersteiner 1967, Lake and Lewis 1970). In Figure 9 it i possible that the change in
slope of the mean salinity versus ice thickness curve at 0.4 m: 15 a result of a4 change in the
dominant hrine dratnage mechanism from brine expulsion to gravity dratnage. Recent experimentai
work on NaCl ice by Cox and Weeks (in preparation) has shown that a pronounced decrease in the
brine dramaope rate occurs at an ice thickness of approxunately 0.4 m. However, more sahimity data
would probably show that the chuanee in slope s continunus as apposed (o the break 1n slope sug-
gested by Figure Y.

It 15 2150 mteresting to speculate on the reasen for the difference hetween the average sahinty
of the celd jer sumplel durtay the growth season (P 93 2ud thit of the warm tee sampled during
the mell seasen (Frz. 10) Not only does the watts muitn »ar 1ee have a lower mean salinity
- 2.0, as compared to 3.0 7)), 1t also shuws i very slight merease 1o mean sahmty with m-
creasing 1ce thivkness, Ths contrasts to o pronounced Sectease i mean salinity over a simplar
e of jeo thwekness (1.0 b 4.0 no for vnld we. Possibly an anmal evelie varsation of the
edn kalty exists for paltivest sed e, At the end of the selt seasoq, after a pertod of 1ce
deterioration and consuderable brige dedsiam, the gean ~alhmity should reach a snmmun, and wt
the eand of the prowth seqsef, dfter o pened of hottom aeeretion aud the refteesing of bruee dritmage
eavities, the mean sqboniy shondd redel oomasaonn. The exton? of tine vanations wonld be a fones
tion of the e thickoess. For eaple, ihe thanse 1 the waltivear ter oo gt the vad of the suiemer,
thee thirker the pragrh i pered will b the tolloame winter. Suwe the aew e will be mote saline
thom the qee survaiy the nielt seasot o shown gqase Jeinky an Fresse 7, the average salinty
w3l ptedse.

CONCLUGDONS

The « dhawy 3 tobutca wonmdtinea se s e s depreadont o Hie ee topocagdly and cannot
bar popie~ented by g anude f@etrle, Detset dusetesees sete fotied between nmmock profiles and
dogeonaon prebfes, B gddifiend by ervations vetde that the 30 pnes skon sabimity proftles we
vhaeived gie Bypncal sd e bonesth depeessions ol - why b acane o s agle sabinty distnpu-
Hhg B paltpear sed be sl kate Tode mohfzel This pe paritentaciy tine spesanch as tie
aved e sty prodsle & ooempned Ty Sschaarzadios appedis Brfepnoewnd only e humpioe ks.
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SALINITY VARIATIONS IN SEAICE 11 r
‘ i The general relation between ice:thickness and mean-salinity can-serve 38 a cheok for
| 1 numorical-modals that predict the time dependence of sea jce salinity profiles as a function-of both
" - salt-entrapment and brine drainage. The relation should be ussful in waxking out cusveciion-factus
;. {n certain remote-sensing applications in which the-signature of the tce depends upon the-mean
- brine volume. It should also be heloful in Ceveioping relations between the laige-scale thevlogical !
. response of an ice sheet and some meoasure of the mechanical propeities of che 1ce being dufurmed. i
Y However, hefore any definitive conclusions can be made rega: ting the salintty distribution in .
¢ multiyear sea ice, & much greater quantity-of salinity data must be chtained, particularly from 1ce
; whose growth histery is at least-partially known. 1t will L. easy to collect such data dunag the
‘. main-AIDIEX experiment in 1975-76.
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APPENDIX A: TABULATION OF AIDJEX CORE'DATA.

3

Z ia'the depth in cm, S is the sclinity in %, and T is the temperature-in °C. Temperature

profilas renorded-only for Profiles S1 through S5b,

&(em)

F
15
o1
35
45
55
85
75
85
95
185
115
125
135
145
156
185
176
185
195
205
215
£25
285
246
235
285
275
285
£95
205
316
325

Prefite 81 (Humnock)
S(%) Z(om)
0 8
0 16
G.1 22
0.4 40
004 w
0.7 60
0.8 70
0.5 80
0.8 160
112 116
0.9 125
1.3 135
1.9 140
1.5 169
1.8 160
1.6 170
L7 180
1.3 195
1.7 205
1.3 215
1.3 230
29 240
2.8 259
3.3 260
3.0 300
2.9 320
4.9
3.5
3.9
4.5
4.1
5.0
élg

Aver go salinity: 2.0 %,
Ice thickness:
Freehoard:

Z(om)

6
15
25
35
45
65
65
%
86

Protile 82 (Dapression)

SV
2.1
4.3
4.5
3.9
a.8
3.1
2.1
1.4
1.3

330 em
57 em

Z(cm)
a3
16
25
30
40
50
60
75
85

T(°C)
-256.0
-23.2
~22.1
221
~-21.7
~20,2
-20.0
~19,0
-17.7

Profile:52'(Cont’d)

Z(cm) (%) Z(em)

95 1.5
105 8.0
116 2.6
126 2.5
1356 1.9
145 1.9
185 8.3
1856 4.6
175 44
185 -
198 4.5
& 4.7
¢ 3.8
225 4.1
236 4.5

Averzge salinity: 8.4 %
icacthickness: £43 cm
Freoboard: 13 em

Profile 83 (Hummock)

Z(em) S Z(cm)

5 0
16 0.1
25 0.3
35 0.7
45 0.9
65 1.2
65 1.5
75 0.4
86 0.3
95 1.2

104 i.6
116 1.9
145 1.8
135 1.2
146 1.3
165 1.3
i85 1.2
176 L1
185 1.3
196 17
206 1.7
215 1.6
226 1.1
235 1.1
245 1.6
255 1.5

160
105
115
185
185
105
185
200
210
220
235

20
25
40
50
80
70
85
110
120
125
140
160
170
190
210
220
£50
280
250
305
326
336
353

C°c)

~18.4
~16,1
-14.7
~18.7
~3.6
-10.9
- 8.0
-~ 8.8
- 44
-~ 2.8
- 138

T(“C)

~20.4
~26.0
~25.0
-24.9
-23.6
2.8
~21.7
~20.0
-20.0
~20.5
~-19.2
-19.8
-18.0
-18.0
~12,9
-12.8
=119
-110
-~ 8.5
- 4.3
- 7.5
-~ 33
- 18
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C 14 Profile 83 (Cont’d)
* Z(em) (%0 2{em;
A 265. 1.7
PO 275 1.8
- £35 18,
N 25 L1
. 305 3.0
Uy 15 3.6
e 325 2.9
R 335 4.3
S 345 3.9
! 365 3.7
o 263 5.9
b s Average salinity” 1.7 %
I ‘ lcs thickness: 366 cm
{ Treeboard: 293 cm
=
lor
N Protile S4 (Deptsssicn)
| |
} Z(cw) 8% Z(cm)
|
‘c\ 5 6.3 5
‘\q 15 3.3 15
ot 25 8.7 30
3 35 3.9 40
‘ 45 5.3 50
55 4.8 70
85 4.2 110
75 4.8 120
85 4.2 140
95 5.9 160
105 4.4 180
“ 115 3.3 200
125 2.8
135 2,2
145 2.8
155 3.2
185 5.2
1 ¥4 4.3
185 4.1
195 4.3
206 4.4
Avarage salinity: 4.2 %
1ce thickness: Lost lower segment of core
Fretboard: Not recorded
Profite S5a (Deprsssion)
Z(cm) S0 Z(cm)
5 3.5 10
16 3.8 30
25 5.7 50
35 4.0 n
45 4. 90
’ 56 3.7 120
; a5 3.8 140

o0y

T(°C)

~19.3
-16.3
~18.1
-17.7
-17.2
~16.2
-12.6
~13.4
~10.4
had 7&8
- 5.5
- 4.1

T(°C)

~18.4
-17.8
-16.5
-14,3
~12,1
-10.0

Profile S5a.{Cont’d)
Z(emw) S0 Z(cm)
75 3.9 e
85, 3.8 190
95. 3.7 225,
105 4.9 240
115 5.9 253
125 8.0
135 5.5
145 4.9
1556 3.1
165 1.5
175 1.2
185 1.3
19% 1.7
205 3.8
215 4.4
225 54
235 4.8
245 - 4.8
255 7.2

Average salinity: 4.0 %
Ice-thickness: 2680-cm
Freebozard: 6.cm

Protile 85b (Depression)

Z(cm) $(%0) Z(cm)

5 4.4 10
15 3.4 30
25 4.2 50
35 4.6 70
45 4.1 90
55 4,1 120
65 4.1 140
75 3.9 70
85 3.2 190
95 3.1 225

106 2.8 240
115 2.9 253
125 2.2
135 3.1
145 2.8
1565 1.7
185 1.1
176 1.1
185 1.5
105 3.4
205 4.3
215 4.4
225 4.5
235 4.3
245 4.2
255 4.8

Average salinity: 3.4 %,
Ice thickness: 260 cm
Froobeard: 8-cm

7°%)

- 8.8
~- 7.1
- 3.5
- 2.5
- 1.8

T(°C)

-20.2
~18.4
~17.8
=166
-14.3
-12.1
-10.0
- 0.6
- 7.1
- 3.5
- 2.5

- 1.8
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Protile 56 (Hufimock) Profile 57 (Cont’d) Protile S9 (Depiagsion)  Profilé.$10 (Cont’d) 15
(cmp 5% Z(emy. 3% Z(cm) S0 Z(em) 8%}
| 5 0 175 8.2 5 0.5 155 3.8 .
15 0.‘ 1 1@5 5.3 15 4.0 185 4.1
25 0.2 195 5.0 25 3.9 176 4.5
) 5 0.3 205 4.7 a5 4.3 i85 4.2
: 45 1.8 215 4.5 45 5.4 195 4.4
AT 5% 1.0 225 44 5% 5.5 205 4.4
L 65 0.9 25 4.4 65 5.1 215 4.0
S 75 1.0 245 5.2 75 5.7 225 44
\},‘ 85 1.5 Avgesalinity: 3.6 °/°9 85 5.0 235 4.4
S . 95 2.1 Iee thickness: 250 cm 95 6.6 243 8.4
e 105 2.8 Freeboard: 9 cm 105 4.2 Avg salinity: 3.5 %
S ! 115 3.1 115 3.3 Ice thickness: 245 cm
o s % 125 Lo 125 3.2 Freehoard: 34 em
. ’ 135 1.8 , 135 1,0
o 5 145 20 Profile’ S8 (Hummock) Py oo
. ¢ , 1t 2.5 ;
. O F 122 gi Z(cm) 8%0) I(r;)g L7 Protile 511 (Hummock)
- 175 3.7 175 4.4
185 2.9 5 g 185 3.4 Z(cm) S(%0)
S 195 . 15 195 2.7
: 205 gg 25 0.2 205 17 5 0
S 215 3.9 35 0.3 215 1.8 15 0.2
C 225 2.4 45 0.3 298 1.3 25 0.6
235 3.2 55 0.3 235 1.4 35 1.2
245 3.5 65 0.8 245 23 45 2.9
255 3.6 75 1.2 255 21 56 3.5
265 4.3 85 0.8 265 3.9 55 4.3
273 4.5 95 0.9 275 4.4 75 4.0
Avg salinity: 2.3 % 105 0.9 285 4.7 85 5.7
¥ =S Y 115 1.0 47 o5 43
Ice thickness: Lost 125 0.8 295 4-7 105 y
lower aegment of 135 1.8 ?3(1)57, 5-4 o 2:5
core . 145 lnl » l o 2;'5 0/ 125 1.7
Frecboszd: 37 om 165 L0 ﬁ:bt:?czgéis. 323 Col‘;l 135 15
165 L1 Freeboard* 12 cm 145 1.6
175 1.2 156 2.5
Protile 87 (Depression) 185 1.7 165 2.5
‘ 195 21 175 2.3
” 205 2.5 Profile $10 (Hummock) 185 9.7
Ziem) 5C%) 215 2.3 195 52
, 225 2.2 " Z(em (%0 205 3.9
12 g:g 235 2.0 (em or 215 4.5
25 3.8 2s 2.2 5 0.1 225 5.7
35 4.4 255 2.4 15 6.2 235 5.1
: 45 3.1 265 3.2 25 0.7 245 4.5
' 55 3.6 275 3.4 85 1.2 256 5.2
85 2.8 285 3.6 45 2.1 265 8.5
7% 8.7 285 4.8 55 3.8 Avg salinity: 3.2 %
85 2.8 305 5.0 85 4.7 lee thickness: 269 cm
95 2.9 31 48 75 5.1 Freeboard: 46 cm
105 2.6 329 8.9 85 4.5
115 3.5 A3 AT 95 2.5
. 12'5 8.0 Avg Sa“n"y: 1.9 .Bo 105 2.7
135 2'5 1ce thickness: 340 em 115 3.4
145 1:9 Freebvoard: 45 om 195 5.6
165 1.5 135 3.3
165 1.6 145 4.0
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16 Protile. 512 (Depeension) Profile S14-(Hummeck)

Freeboard: 22 em
Profile 813 (Dapressicn)
Z(cm) S(%o0)

5 5.2
15 3,2
25 4.8
35 4.5
45 4.0
55 4.7
65 42
7% 4,3
85 3.7
95 3.8

105 3.5
115 2,6
125 3.0
135 3.6
145 5.0
185 4,9
185 5.1
175 5.5
185 5.4
195 5.8
205 5.2
215 5.2
222 7.5

Z(em)

5.
16
25
35
45
63
65
5
86
95
106
115
125
135
145
155
165
175
185
195
205
215
225
235
246

8%

0
0.8
4. 1
4.2
3.8
B

53

Avg salinity: 8.9 %,

Ice thickness: 252 cm

Avg salinity: 4.6 %,
Ice thickness: 223 cm

Frecboara:

12 rm

Z(em)

&
16
25
35
45
55
65
75
85
9%

105

115

125

185.

145

155

165

175

185

05

205

215

225

235

245

255

265

215

785

255

303

8%

0

0
0.1
0.3
0.5
0.9
0.8
0.8
1.0
1.4
104
1.4
1,4‘
2.0
2.4
29
1.9
1.6
2.3
3.0
2.0
2.8
2.3
8.1
4.0
4.0
4.0
4.3
4.1
3.7
9.5

Avg salinity: 2.3 %,
Ice thickness: 305 cm

Freeboatrd: 61 cm
Proitle D1 (Depressicn)
Z(em) 8%

5 6.7
15 3.1
25 2.8
35 3.8
45 3.1
55 2.9
65 3.0
7% 3.1
85 3.1
95 2.7

105 2.3
115 2.8
125 2,7
135 2.5
145 8.3
155 4,6
165 4,5
175 4.7
185 4.5

Profilo-D1 (Cont’d)

Z(em) 5%
195 £5
£05 4.1
215 5.5

Avg salinity: 37 %,
jee thickness: 220 ¢m

Froeboard: tiem
Profile D2
Z:cmn) §(%0
5 8.8
15 2.9
25 3.7
35 b
45 3.6
55 3.3
856 3.8
7% 3.7
86 3.9
95 4,2
105 3.9
i1 4.4
125 3.9
135 3.2
145 2.6
165 3.8
185 4.5
175 3.9
185 3.5
195 3.7
205 4.3
215 4.2

Avg salinity: 3.8 %
Ice thickness: 220 e¢m

Freeboard: 22 em
Protile D3
Z(cm) S(%e0)
5] 1.5
16 3.2
25 4.8
35 4.1
45 4.7
65 5.3
85 4.9
% 4.2
85 4.3
96 4.5
1C5 3.9
115 3.9
125 4.4
135 3.5
1456 3.1

Profile D3 (Cont'd)
Z(em)- 5%
155 34
165 3,7
175 3.3
185 5:0
195 5.1
205- 5.0
215 4.3
2924 5,1
235 4.8
242 9.0

Avg salinity: 4.8 %,
Ice thickuesa: 244 cm

Freeboard: 1C em
Profile D4

Z(cm) §%0)
5 0
15 8.2
25 0.6
35 21
45 3.9
55 4,1
85 3.2
7% 3.8
85 4.2
95 5.0
1086 4.5
115 4.5
125 5.0
135 5.2
145 6.1
165 5.5
185 6.7
1756 5.7
185 4.3
195 3.2
206 3.0
215 3.0
225 3.5
235 4.3
216 4.3
255 4.5
265 4.6
275 4.4
285 8.6

Avg salinity: 3.9 %,
Tce thickness: 230 ¢cm

Freeboatd:

39 em
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Profiie:D§

Z(cm) (V)
5. 13§

15 0,1
25 0'3‘
85 0.5
45 0.3
55 ¢.8
65 1.4
7% 3,7
85 17
95- 2.6
165 2.5
i15 3.6
125 3,1
185 4.5
145 4.7
165 3.1
165 2.7
75 3.t
185 2,3
185 2.1
208 g1
215 2.4
295 2.0
235 2,6
245 3.2
265 3.5
265 3.5
275 5.1
286 4.9
295 4.8
205 4.7
316 4.5
224 8.6

Avg salinity: 2.8 %,
Ice thickness: 327 cm

Freeboard: 59 em
Profile D6
Z(cm) S(%0)

5 0
15 0
25 0.1
35 0.2
45 0.3
85 0.6
65 1.0
75 0.7
86 0.9
95 0.9
105 1.0
115 1.2
126 1.3
135 1.1

Profile-D6.(Cont'd)

Z(em) 5(%e)
145 1,0
156 14
165. 21
75 1.9
185 1.9
194 1.9
205 1.7
215 .7
225 1.9
235 21
245 1.5
855 2.1
265 2.4
275 2.5
285 2.8
295 3.1
305 4.9
315 4:9
325 4.2
335 4,0
345 4.1
353 8.5

Avg salinity: 2.0 %
Ice:thickness: 335 cm

Freeboard: 78 cm
Protile’D7
Z(cm) 8%

5 0
15 0
25 0.1
as 0.2
45 0.3
85 0.4
85 0.7
75 0.7
85 1.5
95 1.0
105 0.5
115 0.5
126 0.7
13% 0.9
145 1.2
156 1.7
165 2.0
175 2.1
185 2.3
195 2.0
205 1.8
216 1.9
226 1.7
235 1.4
245 1.4

Profile D7 (Cont'd)
Z(em) 5%
265 L7
265 .8
876 2.0
£85 2.6
236 31
305 3.3
315 3.9
325 4.2
a35 4,3
345 4.9
355 5.5
385 3.8
375 7.7

Avg salinity: 1.9 Y
1ce thickness: 370-em

Freeboard: 95 ¢m
Profile D8 (Hummock)
Z(cm) S

5 0
15 0
25 0.1
35 0.1
45 0.2
55 0.4
85 1.1
% 1.9
85 1.0
85 0.6

1086 0.3
115 0.8
125 1.8
135 1.6
145 1.9
165 1.5
165 1.2
176 1.3
185 1.6
195 1.3
205 1.9
215 2.3
225 3.0
236 2.9
245 3.5
265 4,2
265 3.7
276 3.7
285 3.7
206 3.4
305 2.2
315 2.2
325 2.8
336 4.5

S
Profile D3 (Cont’d)17 e
oy ol
Z(em)  S% A
345 4.9 %
355 4.6
365 3.8 ;
875 3.3
386 6.4
Avg salinity: 2.2 %
Jee thickness: 389 ¢m
Frachoard: 8%cm
Prolile DS ;
Z(cm) S0 o o
~%
5 0 R
i5 0 3
25 0.1
35 0.3
45 0.4 g
55 0:5 P 2
65 0.6 . 4
75 0.7 g o
85 1.0 v
25 1.1 7
105 1.3 &
115 1.8 o
125 2.7 .
135 2.1 ‘
145 1.7 Ll
156 2.2
165 2.8 :
176 2.8 ‘ {
185 2.8 > .7
185 3.0
205 8.0
215 3.3 “
225 3.4 S
235 3.4 : ,
245 4.2 s
255 4,0 )
265 3.6 -
275 . 3.1 ?
%5 2.5 B H
265 2.2 | L
305 2.0 «
315 2.6 .
326 3.4 g
335 4.4 ‘ ,
346 4.0 ’
355 3.7 ,
365 3.9 | :
378 5.9 . k
Avg salinity: 2.4 %, | ;
Ice thickness: 381 cm i <
Freebourd: 98 cm : E




4 v 4
&9
PR :
S 18 Proftie-DI0
AR Z(em) 8%
+ L&
el 5 0
N 5. 0
L % oa
];«\\:‘: ! 35 ﬂ«l
y .“‘f, 45 032
Y 65 1.0
,) l % b
PR 85 Li
S % o 85 1.1
o 105 11
115 1.2
125 1.3
| © 135 1.8
L 145 1.2
R 165 L4
| 165 1.5
O 175 1.8
R 185 1.8
i ‘ 195 1.7
. 205 11
215 1.9
B 225 2.1
| 235 1.7
245 1.0
255 0.8
- 265 1,0
| 275 0.8:
| 285 0.8
L 295 0.9
‘ 305 0.9
R 315 4.1
L 325 4.0
) 335 4.2
345 3.9
365 3.7
363 4.8
: Avg salinity: 1,6 %,
Ice thickness: 366 cm
Freeboard: 75 cm
Protile D11
\ Z(em) 8(%o)
5 0.1
15 0.1
25 0.2
35 0.4
45 0.6
55 0.8
85 0.8
75 0.9
85 1.0
a5 0.9

£ g o e

Profila. D1 (Cont'd)
Z{em) 8%
105 1.2
115 1.4
25 1.6
135 1.8
145 2.2
155 21
165 2.2
176 21
185 2.
196 2.8
205 4.7
215 4,0
225 2,2
236 2.1
245 A8
258 1.5
265 2.2
275 2.1
285 8.5
295 4.0
306 4.1
813 3.9
325 8.7
335 5.6

Ayg salinity: 2.1 %,
Ice thickness: 339 em

Freeboard: 58 cm
Profile D12
2(em) 8%0)

[ 0.1
15 0.1
25 0.5
85 2.2
45 4,0
55 3.9
65 4.1
% 3.8
86 4.1
85 4.3
105 3.3
118 3.7
125 8.5
135 3.3
145 b.4
165 4.4
165 4.8
175 3.3
185 4,2
105 3,6
205 1.7
215 0.7
225 1.0

Profile D12 (Cont’d)
Z(cm) S(%o0)
235 1.3
245 11
255 0.9
265 3.2
276 4.8
285 44
295 4,2
305 4.5
312 8.8

Avgsalinity: 3.2%,
Ige thicknoss: 3i4 em

Freehoard: 3B cm
Profile-D13
Z(em) (%)
5 0.1
15 0.7
25 - 3.9
35 4.5
45 3.6
55 2.7
65 2.7
76 3.2
85 3.6
95 4.8
105 4,0
115 5.0
125 5.5
135 5.5
145 3.7
166 2.1
185 2.1
175 2.3
186 2.7
195 1.3
205 0.9
215 1.0
225 1.2
235 1.3
2456 3.5
256 4.1
285 4.3
278 4.2
2856 5.7

Avg salinfty: 3.1 %,
Ice thickness: 200 cm

Fresboard:

19 cm

Profile Did
Z(cm) S
5 4.7
15 4.1
25 3.4
35 4.8
45 4.8
55 4.1
85 4.3
7% 4.1
8 3.6
95 3.6 :
105 2.7 :
115 2.3 ;
125 28 i
185 2,1 !
145 2.8 ;
155 2.3 !
165 3.9 {
175 2.5 |
185 2.6 !
iss 2.4 i
205 2 i
215 3.1 :
225 4.7 ;
235 5.7 i
245 5.7 :
255 5.3
265 6.8
Avg.salinity: 3.8 %,
Ice-thickness: 270 cm
Freshoard: 23 em
‘Profile:B15
Z(cm) (%0
5 5.7
15 3.3
25 3.2
35 4.1
45 4.7
55 4.1
85 4.0
75 4.1 i
85 4.0 :
95 3.5 ,
105 2.3 !
116 2.7
125 3.5
135 3.4
145 3.4
155 2.9 ‘
165 2.8 f
175 2.7 i
185 2.9 '
195 4.1 !
!

RN

N
B\

L s




- Profle D1§ (Cont’d) ~ .. - 1

Fom S |

P N

— o - LRS- -

IS - * ‘
- ) v e

" 205 1
215 4.1 » .

o) 4.1

~£85 4.5 : e o

- gés 4.9 :c - g
855 . 45
265 8.0 N
Avg salinlyy: 88 % a

lce thickness: 270 em Cae
Freeboard: Ve o

@eﬁ}e‘”l}l_@i@#é‘sihh) 7 e
Zew K%

5 3.8 o
15. 3.3 .
26 4,3 ] Cad
85 89 -
45‘, 405
55 4.5
-85 5.7
5. 5.6 K
85 5.4
95 3.8
105 4.5
116 4.8 v
125 4.5 ‘
135 3.1
146 3.5 :
155 4.5 %
165 48 ~
175 4.2 o
186 26 AR
195 2.9
205 8.5
216 4.1
225 4.2 .
235 4.4
246 4.3
255 4.2 %
285 4.2 ;
273 5.9 .

Avg salinfty: 4.8 %o {
Ice thicknoss: 276 cm )
Freeboard; 10 em
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APPENDIX B: TABULATION OF AVERAGE SALINITY/ICE THICKNESS DATA. 21

b is.the thickness:in m and S:ig:the average salinity in %,

G.£.4. Coy, Boaufort Sea. Cox:(Cont'd) Waeks and.Lee (Cont"d)
by SC%0) s (%0
Multiyeardce 0,33 8 0.73 1.6
9. .33 % 0.88 6.4
hm) S0 0.34 %1 0,86 Bid
3.30 2.0 0:34 70 0.83. 5.5
243 34 '0.36 6.8 0:39 6.5.
3.65 17 0.36 8.9 0.73 57
2,10 4.2 0.38 7.0 0:78 63
2,60+ 4.0 ;48 8.7 081 B4
2{03" 3.6 .
LEA N 3.4 Young ice-exhibiting rapid
3.40 1.9 . cm deietioration
3'23 3.5 W.F. week@ am Q.S.LGB, e i
2,69 3.2 Hopedale, Lab. 0.83 3.8
0.88 2.3
2.5% 3.9
. New ice 0.86 3.7
2.45 2.5 4
2 23 3‘5 —_— 0-?6 3»6
o o h(m) 50 0.88 4.3
3.95 2.3 ' £o
2,20 3.7 0,12 11.6 0.88 5
2 .17 2.6 0.24 3.9
2,20 3.9 . : '
0.22 8.5 0.87 &7
2.44 4.3 2 B,
0.29 8.3 0.92 4,6
2,80 3.9 . . )
0.37 8.4 0.92 5.4
3.27 2.8 . .
0.33 5.4 0.97 4.8
3.55 2,0 .
6.12 16.8 1.07 4.9
3.79 1.9 .
. 0.14 12,8 0.96 4.7
3.89 2.2 091 55
3.81 2.4 6.20 108 : )
8.66 - 1.8 0.20 9.6
3.39 2.1 0.23 10.5
8.14 3.2 6.08 12.3 A. Kovacs, Beaufot Sea,
2.90 3.1 0.23 8.7
2,70 3.4 0.29 8.3 _
2,70 3.8 0,32 8.8 b(in) 50
£.78 4.3 0.34 © 87 .
0.38 7.9 1,22 6.9
New ice 0.37 7.6 :23 g-g
0.37 7.7 . .
0.035 16,0 0.97 65 L18 7.2
0.066 12.4
0.40 7.2
0.095 15,0 0.40 P
0.126 1.1 0.40 58
0.130 11.6 0‘,;9 6‘9 A. Kovacs; W.F. Weeks;
0.130 10.6 ’ ) S. Ackley and W.D. Hibler, Il
0.175 1.3 Young ice covered by
0.165 9.9 intiltrated snow ice o
0.200 9.9 . htm) 5%
0.200 10,2 0.69 7. . o o
6.235 9.5 0.72 7.5 o P
0.230 10,0 0.67 6.3 183 o4
0.27 f.1 0.67 7.5 =0 ™
0.27 0.0 0,73 7.0
0.30 2.6 0.73 7.4
0.30 8.5 0.73 6.3

Preceding page blank




Ay

WSS

.22 A, Keyacs 2ad J. Ralafet,
Badng,‘&ao -

- K(my

L84
124
123
1.28.
.28
13D
1.3y -
1.80-
1.33

‘A, ‘Asgur, Beaufoct Sea,

#(tn)
3.40-
3.20
288
271
.43
310
2.90
2.64
3.24

5. DenHartog, N.W. Passage.

New ice
h(m)

0.20
0.27
0.26
0:27
0:2¢
0.25
0.23
0.23
0.31
0.23
0.27
0,29
0.29
0.27
0.27

$t%)
8.9
1% 4
4.9
5.2
5.2
5.7
5.9
5.2
55

o

1.9
2.5
2.8
2.2
255
1.6
2,2
2.3
2.4

5%0)
5.9
8.8
8.7
7.2

10.6
8.0
5.1
8.3
7.0
9.9

15.4

14,2

10.4
3.8
8.9

Young to multiyear ice

exhibiting much deterioration

2.54
1.76
2,08
.21
2.62

1.9
1.7
1.4
1.2
1.5

‘DenHartog (Cont'd)

h{m} SCo
3.08 25
2,16 17
1:64 17
1.31 08
2,80 1.8
2,40 2.9
0.89 2.2
1:64 .23
271 3.1
1,82 2.8
1.27 2.1
1.86 1.8

- 818 2.0
2.28 2.5
218 2.0
282 .0




