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ABSTRACT. The oceanography of a small  arctic fiord has been studied over a 
period of three years. The shallow  water structure is determined by convection in 
the fiord, as  is  shown by temperature-time series and budget studies. The fiord 
contains temperature inversions at shallow depths which have been present in 
observations over several years. The deeper water structure is determined by the 
sill across the fiord mouth  and similar sills in Nansen Sound which restrict free 
access at depth of water  layers from  the Arctic Ocean. 

RkSUMk. Notes sur l‘octanographie du fjord d’lberville. Les auteurs ont CtudiC 
l’oc6anographie d‘un petit  fjord arctique  pendant trois ans. Comme  le  montrent les 
sCries tempbature-temps et  les Ctudes de bilan, la structure de l’eau peu  profonde 
est dCtermin6e par la convection B I’intCrieur du fjord. Celui-ci montre des inversions 
de temp6rature B faible  profondeur qui  sont prksentes dans les observations portant 
sur  plusiews annCes. La  structure  de l’eau en profondeur  est dCterminCe par  le seuil 
B travers l’entrh  du  fjord et par les seuils semblables dans  le dCtroit de Nansen, qui 
rkduisent le libre accBs des  couches d‘eau profondes de  l’ocbn Arctique. 

INTRODUCTION 

A number of papers have  been  written on the overall oceanographic features of 
the Canadian Archipelago  (Collin 1963; Collin and  Dunbar  1964; Pelletier 
1966), whereas others have  dealt  in  more detail with particular regions (Barber 
1968, Ford and  Hattersley-Smith 1965; Keys et al. 1969). This paper is in the 
latter category,  describing  oceanographic features of d’Iberville Fiord (Fig. 1). 
D’Iberville Fiord, an  appendage to the  Nansen  Sound - Greely Fiord system,  is 
approximately 35 km. in  length and 6 km. in width,  having an area of 213 km.* 
Soundings  show that the  fiord has  a sill  extending  across its  mouth with a maxi- 
mum depth of 330 m.  while  the  maximum depth in the fiord is 560 m. The fiord 
was probably subject to glacial  over-deepening  during the Pleistocene  period as 
described by Pelletier (1 962). 

One  tongue of the large glacier  capping the Victoria and Albert Mountains 
terminates at the head of the fiord. During the summer  icebergs  calving from this 
glacier make their way  down  d’lberville Fiord provided that the sea-ice  cover is 

1Frozen  Sea Research Group,  Marine Sciences Directorate, Pacific Region, Department 
of the  Environment, Canada. 
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FIG. 1. DIberville 
Fiord, Ellesmere Island, 
N.W.T. Experimental 
sites spring 1969, 1970, 
1971 and summer 1969, 
1970. Summer sites are 
the two closest to the 
north shore. 

sufficiently  removed. In 1969  and  1971 the fiord  was  ice free, except for many 
icebergs, during the entire month of August. In the summer of 1970 the fiord 
remained  covered  with sea ice  and the icebergs  were retained at the head of  the 
fiord. The  depth of fresh  water  laid  down on the  fiord from summer runoff in a 
year of average  precipitation  is about 1.0 m. This amount is  estimated from the 
average  precipitation  over the fiord  drainage area with  allowance  for evaporation. 
We estimate that as  much as one third of this fresh water input can  be derived 
from  icebergs  melting  in the fiord,  in a quantity varying from year to year. 

Oceanographic  observation  periods  included March  and April  in 1969, 1970, 
and 1971, and August and September in 1969  and 1970. Most of the spring and 
all of the summer data were  collected  within 3 km. of the base. During the spring 
trips additional information was  collected at various  points  along the length  of 
the  fiord. 

Observations  were  made of the salinity and temperature of the water,  sea  ice 
thickness and growth rates, currents, tides and meteorology. In spring  seasons a 
Guildline C.T.D. in situ instrument provided  conductivity, temperature and 
pressure information from  which  salinity,  density and depth were  derived. The 
calibration of this instrument was  checked  periodically  with  water  sample bottles 
and  thermistors.  Observations  were taken at depth intervals of 1 m. in 1969; in 
1970  and  1971 this interval was  decreased to 0.25 m. above 30 m. Accuracy 
varied  from operation to operation but in  all,  absolute  accuracy in salinity and 
temperature lies  within  manufacturer's  specifications of k .04%0 and 2 0.02OC. 
respectively. Pressure readings  agreed  closely  with  metered  cable  lengths. In sum- 
mer  field  seasons  bottle  samples  provided  salinity data  and were taken in  shallow 
depths close to shore. In both  1969 periods  and  in  spring 1970 temperature data 
over a period of time  were taken from an array of thermistors suspended  from the 
ice or, in  the  case of August 1969, suspended from a buoy just below  the  water 
surface. The details of the methods  used  in  obtaining the thermistor data have 
been reported by  Lewis and Walker (1970). The thermistor data  from the arrays 
have  an  absolute  accuracy of the order of 0.01OC. 

It was  determined that currents to a 2-m. depth were  below the 5-cm. sec.-l 
threshold of the instrument available. Currents were  estimated from dye  plumes 
but were  limited to the first 2 m. beneath  the  ice  sheet.  Velocities  in  this  region 
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ranged from 0 to 3.5 cm. sec.-l. The scatter of velocities  was too great to permit 
measurement of velocity  profiles. From the summer of 1969 onward tide  measure- 
ments  were made by diaphragm-operated  Ottboro recorders off the beach adjacent 
to the  base  camp.  Measurements of ice  thickness and growth rates were  made 
during  spring  field trips. Weather  observations  were  routinely  made at the base. 

WATER  STRUCTURE 

Temperature  and salinity  samplings  during  each  spring  season in d'Iberville 
Fiord are shown  in  Fig. 2 with a representative sounding from the Arctic Ocean 
(after Worthington 1959). The overall  water structure is much the same from 
year to year. The temperature and salinity  profiles in Fig. 2 agree  closely  with 
the only other oceanographic stations in d'Iberville Fiord. These  stations, at the 
head and  mouth of the fiord  were taken in May 1965 by  Keys and Seibert (1969). 
Small  scale  details, not visible in Fig. 2, having a vertical extent of only a few 
metres,  give  an  impression of extensive horizontal layering. No regular  step-like 
formations of temperature or salinity  such as those  observed by Neshyba et al. 
(1971) were found. As expected (Ford and  Hattersley-Smith 1965, Hattersley- 
Smith and Serson 1966), the warm  layer  between 400 and 500 m.  which  exists 
in  the Arctic Ocean off the  western  Archipelago  (Collin 1963) is  absent.  Typical 
water of Atlantic origin found in the Arctic Ocean  from  below the surface layer 
to a depth of 900 m. has temperature and salinity  values  above OOC. and 34.92%0 
(Ostenso 1966). The water  below about 250 m.  in  d'Iberville Fiord  approaches 
a temperature value of 0°C. and a salinity  value of 34.7%0. This difference  in 
water structure below 300 m.  is  almost  certainly due to the  shallowness of the 
shelf at the  mouth of Nansen  Sound (Crary and  Goldstein 1957; Ford and Hat- 
tersley-Smith 1965). 

Above a depth of 250 m. the salinity  decreases towards the surface (Fig. 2). 
The density  is  determined  almost  exclusively by the salinity so it is evident that 
on the large scale  the static stability  increases  upward to the isopycnic  layer  just 
below the ice.  Small  scale variations can occur  in the static stability of the water 
mass. In the temperature plots the most outstanding feature is the warm  layer 
which  occurs  in  d'lberville Fiord at all  times  above 50 m. 
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A number of features which are not prominent on the temperature plots in 
Fig. 2 proved to extend over  wide areas of  Greely Fiord  and to be more prominent 
there. These include the small feature, marked (a), appearing at a depth of 100 m. 
on the temperature curves.  Some  of the small features appearing on the 1970 
and 1971 temperature traces between 25 m. and 50 m., (b) and (c) for example, 
may  be quite extensive. In a  long trip down  Greely Fiord in 1970 the feature (c), 
Fig. 2, hardly discernible in d'Iberville Fiord was continuous westward  and  very 
much stronger in Greely Fiord. This appears to be the same structure that at- 
tracted the attention of Ford and Hattersley-Smith (1965) in August 1962. At 
that time the warm  layer extended some 100 miles from the head of Tanquary 
Fiord. Work during 1963 and 1964, described  by  Hattersley-Smith and Serson 
(1966), confirmed that this layer also  existed during the spring of those years. 
Evidently  this feature has been present in observations over nine years. The 
stability  of the water structure, depending overridingly on salinity, prevents 
convective  dispersion of the warm  layer. Molecular diffusion and a  small degree 
of turbulence should however  be sufficient to disperse this layer in a fraction of 
a  period of nine years. We must conclude that the heat in the 25- to 50-m. layer 
is  renewed from time to time, probably annually. Ford and Hattersley-Smith 
(1965) suggest radiative heating as  a  possibility. 

In the spring of 1969 the isopycnic  layer under the ice extended to a depth of 
10 m. In 1970 and 1971 this  layer  extended  down  only to 1 to 2 m. The causes 
of these  differences in the thickness of the isopycnic  layer are complex. Causative 
factors include differing amounts of ice  cover in summer, wind  effects in summer, 
variations in fresh water input and consequent variations of the estuarial circula- 
tion in the fiord. We are at present investigating the problem in detail. 

TEMPERATURE-TIME RECORDS 

Temperature-time records were obtained from strings of thermistors which 
were  deployed in April and  August 1969 and March to April 1970 at locations 
fairly close to shore. Intensive recording at sampling intervals varying from 10 
seconds to 1 hour were conducted over  a  few  days to a  week of each field trip. 
Thermistor time constants permitted sampling that was  effectively instantaneous. 
The thermistor strings reached from near the ice bottom to depths of 46 m. in 
April 1969 and to 15 m. in April 1970. The magnitude of temperature changes 
observed depends upon the mean temperature gradient at the appropriate level 
insofar as temperature changes are the result of vertical water motion. 

In Fig. 3 are shown  brief portions of the temperature-time traces with sampling 
at 1-minute intervals. They are in three groups. In the upper group the traces 
made in April 1969 and April 1970 are from thermistors in the isothermal, 
isopycnic  layer  just  below the ice. The trace made in August 1969 is from a 
thermistor in a fresh warm stable layer  with the temperature decreasing  down- 
wards. In August 1969 open water caused very irregular temperature traces. 
In April 1969 small temperature variations were noted with periods of about 24 
hours, 8 hours, and 10 minutes. In April 1970 very little temperature variation 
was  noted at 2.0 m. 
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FIG. 3. Temperature- 
time  records,  d'Iberville 
Fiord  for April 1969; 
4,10,31  m., August 1969; 
3,9,21  m., April 1970; 
2,4, 10 m. See text for 
water  structure 
description. 
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In the middle group all thermistors were at depths where  salinity,  density and 
temperature were  increasing rapidly downward. In April 1969 temperature 
variations at near-tidal periods were  evident. In August 1969 temperature oscil- 
lations were present at a wide range of frequencies some so high  as to be  un- 
resolved  by the fastest sampling rate of one reading per minute. In April 1970 
irregular oscillations  were marked. 

In the lower group all thermistors were at depths just below the temperature 
maximum  with the temperatures decreasing downwards while  salinity  and  density 
increased downwards. During April 1969 temperature variations of tidal periods 
were  present. During August 1969 temperature variations were irregular. In April 
1970 temperature oscillations at periods of 5 to 10 minutes were present. 

Consideration was  given to correlating variations of temperature with tidal 
cycles. The only period in which variations of near-tidal frequency were evident 
in temperature records was in April 1969, but actual tidal records were not 
available for this period. In August 1969 the large variations in temperature, 
particularly the cooling  which  began during the experimental period, obscured 
any  easily  identifiable correlation between  tides and temperatures. In March to 
April 1970 no correlation was  evident. Perhaps this is not  too surprising as the 
temperature records were  made fairly close to shore where the actual water 
movement  may  be irregular. A more subtle analysis  with  longer records will  be 
undertaken in future. 

In the layer  just  above the temperature maximum in March 1970 the tem- 
perature at 3.25 m. decreased to form a marked temperature inversion,  which 
lasted for several hours until the former uniform gradient was  re-established. The 
explanation for this record seems to be interleaving of cold and warm layers. A 
similar  event occurred in April 1969. Temperatures at 7.0 m. went from tem- 
peratures typical of the isothermal layer (- 1.6"C.) to something in excess of 
- l.O°C., then returned after 30 hours to the former cold temperatures. The small 
vertical extent and rather lengthy  existence of these phenomena suggest the 
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presence of rather extensive  horizontal,  vertically  thin  patches. It may  be that 
exchange of heat and salt  with the under-ice  layer is accomplished  by  mixing  of 
such  patches. 

To sum  up, the temperature-time records differ from year to year. In April 
1969 variations  with tide periods  were  evident  in the temperature records par- 
ticularly  in the upper  layers, but were not in March to April 1970. The tempera- 
ture variability  below  ice  during  winter  was of course  very  much  less than in the 
open  water of August 1969. The records  have a completely  different character 
in  winter from those  in  Cambridge  Bay  (Lewis  and  Walker 1970). The tempera- 
ture and  salinity-density structure is similar  in  upper  layers  in both locations, 
although the under-ice  isopycnic  layer  is  much  deeper in Cambridge  Bay,  ex- 
tending on occasion to a depth of 40 m. The temperature-time records at 
Cambridge  Bay  have  marked  variability at frequencies of 1 to 10 cycles  per hour 
lacking  in d'Iberville Fiord. 

TABLE 1 .  Salt  changes and rates of change, and sensible heat changes  and 
rates of change,  from 11 April 1969 to 13 August 1970 in a water  column  from 

depths of 1.5 m. to 35.0 m. in d'Iberville Fiord. 

Gain (+) Salt Gain (+) Heat Gain (+) Heat  Gain 
Salt  Rate of Rate of 

or  Loss (-) Loss(-)lO-6 gm. or Loss (-) (+) or Loss (10-3 
gm. cm.-2  cm.-2 set." (cal. cm.-2) cal. cm-2 set.") 

I 1  April 1969 
to 23  August  1969 -13.8  -13.0 +4324 +4.0 
23  August  1969 
to 5 September  1969 +5.5  +49.1 - 202 -1.8 
5 September  1969 
to 12 March 1970 +5.4 + 3 . 3  -2649 - 1 . 5  
12 March 1970 
to 13 August  I970 -2.1  -2.3 +2411 +2.6 

SALT  AND  HEAT  BUDGETS 

In  Table 1 are salt and heat budgets for surface waters for the period April 
1969 through August 1970. These are incomplete in that only  levels from 1.5 m. 
to 35 m. are available. The locations of observations  differed.  With  these  reserva- 
tions  the heat gain  from April 1969 to August 1969 when the fiord  was  open 
with  very  warm  fresh surface water, is very  large,  compared to the heat gain from 
spring to summer 1970. The decrease  in  salt  in the column  spring to summer 1969 
is  large. The rate of salt gain, 23 August 1969 to 5 September 1969 must be due 
to horizontal  advection as ice  did not form until 8 September 1969. The salt  gain 
from autumn 1969 to spring 1970 is double  that released  by  growing  sea  ice. 
A budget  calculation from 5 September 1969 to 13 March 1970 indicated 800 
cal. cm.-2 released  from  cooling of sea  ice, 8,200 cal. cm.-2  from ice formation 
and 2,600 cal. cm.-2  from cooling of the water  column  from 1.5 to 35.0 m. The 
water  column heat loss  would thus be  over 30 per cent of the heat released  by  ice 
formation or double the percentage found in Cambridge  Bay  (Lewis and Walker 
1970). Again  horizontal  advection  is indicated. 
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To complement heat budgets of the water  columns, heat flows through the 
ice  were calculated using records from thermistors implanted in the ice and in 
the snow on  top of the ice. The heat flux calculations used the measured  tem- 
perature gradients multiplied by values of thermal conductivity appropriate for 6 

ice conditions (after Lewis 1967, Schwerdtfeger 1963) and for the measured 
snow  densities  (Abels' formula, Mellor 1964). 

In both April 1969 and April 1970 the calculations indicated near balance 
of the heat flows through ice and snow, and the heat released  by  ice  forming at 
the rate we observed.  While the errors may  be  sizable the calculations clearly 
indicate that large water  column heat losses are not present towards the end of 
the winter  season. 
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FIG. 4. Temperature 
and salinity curves, to 
35 m. d'Iberville Fiord; 
observed 23 August, 
1969; observed 15 March, 
1970; and  structure on 
15 March, 1970 forecast 
from water column on 
23 August, 1969, with 
one-dimensional heat 
loss, salt  gain  (after 
Zubov 1943). 

The seasonal change in a water  column  used in budget calculations is  shown 
in Fig. 4. In comparison an energy balance calculation (Zubov 1943) using a 
climatic heat loss of 16,000 cal. cm.-2 (Leahey 1966) is  shown. The total heat 
from ice  cooling,  ice formation, and water  column heat loss  over the period was 
about 12,000 cal. cm.?. If this heat loss  is accepted instead of the climatic  loss, 
the calculated ice  thicknesses  and parameters of the under-ice  layer  still fail to 
agree  with those observed. 

From these calculations it is evident  however that the budget of a water  column 
is determined by the estuarial circulation as  well as the upper boundary condition 
of ice formation. The large autumnal salt  changes  in 1969, and the late wirter 
balance of heat from ice formation and heat flux upward suggest the estuarial 
circulation has an annual variation, being larger in the autumn than in late winter. 
The isothermal, isohaline layer  just  below the ice bottom is undoubtedly a mani- 
festation of the efficient transfer mechanism driven by salt release from  growing 
ice. The reason for the difference in thickness of this layer, say  between  spring 
1969 and  spring 1970 is,  as noted earlier, complex. 
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