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Transport of Heat, Salt and Energy in McMurdo 
Sound

A proper understanding of mixing in McMurdo Sound is very important as it acts as a two-
way valve for the Ross Ice Shelf ocean cavity.  

Deep flows move through the Sound from the Ross Sea to the north and then into the 
Ross Ice Shelf cavity.  At the surface a return flow brings supercooled water back into the 
Sound (Robinson, 2004) from under the ice shelf cavity.  The mixing between the two 
pathways is likely a key quantity affecting both overall exchange and sea ice growth in the 
region. 

Numerical simulations of ocean processes use fundamental concepts of fluid mechanics to 
provide a vital tool for understanding how ocean circulation affects  climate and ecosystem 
behaviour.  One of the key quantities used by these models is “diffusivity” – essentially a 
parameter that describes mixing at scales too small to be resolved by the model.  

Circulation in numerical models (e.g. Dinniman et al., 2007) is strongly influenced by  
selection and tuning of these  diffusivity values. 

In this work we specifically focus on how horizontal and vertical diffusivities are affected by  
promontories (Cape Armitage, Erebus Glacier Tongue) and vertical ice walls (Erebus Glacier 
Tongue, front of ice shelf).
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Three days of ADCP (acoustic Doppler current profiler) data (300 kHz)   sampling the upper 100 m 
of the water column south-west of Cape Armitage in 2007.  The top panel shows current 
magnitude and the lower panel shows direction.  Note the variability in current magnitude - it is not 
a simple rectified sinuisoid.  This is also seen in the direction where one phase of the tide is shorter 
than the other.  There is also a distinct “dead-zone” of near-zero flows near the surface.

Kovacs drilling prior to profiling taken just 
to the north of the glacier tongue during 
2005 (image: S. Popinet).  This was not 
the longest drill section used in this work 
and it should be noted that a power-head 
was used for the majority of the work.

The Dellbridge Islands and the surrounding shallow water likely 
generates substantial eddying - and in conjunction with the Erebus 
Glacier Tongue - creates a complex flow environment in the basin to the 
north of the tongue.

The Erebus Glacier Tongue is around 14 km long, 2.5 km wide and 
around 300 m thick at the grounding line, thinning along its extent to be  
about 50 m thick at its tip.  This sharp floating “headland” likely creates 
complex eddy flows.

Southern McMurdo Sound is relatively deep with a main channel around 
600 m deep.  Deep waters appear to flow towards the Ross Ice Shelf with 
a super-cooled frazil-laden surface flow moving north westwards from 
under the shelf.

Cape Armitage forms the north constriction to McMurdo Sound-Ross Ice 
Shelf cavity exchange flows.  This sharp headland likely creates 
eddying.

Scott Base

Polar Oceanography in a Fish Tank
We repeated some classic thermohaline experiments  in a 
fish tank - but now from the perspective of additional processes identified by our work 
(internal waves, headland eddies).  

A salt stratified water column has an ice block inserted at one end. The resulting 
convection, including diffusive layering and large basin-scale rotational cells, illustrates 
the sorts of non-tidal mechanics happening in McMurdo Sound.  

The experiment shown below (oblique view) has dye injected near the face of the ice and 
this is entrained into the layering structure.  The water depth in the picture is around 30 
cm.

The layer thickness is a function of the background salinity stratification and the difference 
in temperature between the ocean and the ice.

(Huppert and Turner, 1980) 

Tidally-driven Eddies
-1Typically, tidal flows have maximum amplitudes of around 10 cm s  in 

-1McMurdo Sound but this increases to almost 80 cm s   in the vicinity of Cape 
Armitage.  This was seen by Robinson (2004) and is illustrated by the 2007 
acoustic Doppler current profiler (ADCP) data shown below.  

Residual flows (i.e. low-pass currents that remove the influence of tides) are 
around 10% of these speeds.  

The sharp headlands formed by Cape Armitage and the Erebus Glacier 
Tongue, as well as the Dellbridge Islands, almost certainly produce eddies 
that form, separate and drift away from these features.  This results in 
horizontal diffusivities that are higher than those typically used in models 
(e.g. Dinniman et al., 2007).  In addition they will influence vertical transport 
processes (see  sketch below-centre).

Conclusions
?Our CTD data very near the Erebus Glacier Tongue with ice cover did not exhibit diffusive-convective step structure

?Archival CTD data suggest that diffusive-convective step structure could potentially exist for a significant proportion of the time

?Tidal flow-induced shear will likely dominate vertical diffusive processes

?The Dellbridge Islands and the EGT influence local circulation

?A robust ability to access the ocean through sea ice is a prerequisite for this work

Objective: to identify rates of vertical and horizontal diffusion of material 
and energy in McMurdo Sound in order to improve models of ocean 
transport  in  the region.
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Sketch showing (1) a glacier tongue (2) separating from the shore and driving (3) diffusive-convective 
layering as seen above. Note that these layers can also grow beneath the level of the ice.  At the same 
time (4) tides drive topographically-forced (5) eddies and (6) vertical velocity shear.   

Cold Spice!
Vertical exposed ice surfaces such as sea-exposed glacier fronts, large 
icebergs and glacier tongues, drive diffusive convection (Jacobs et al., 1981 
- Fig. below).  

The differing coefficients of molecular diffusivity for heat and salt drive 
turbulent vertical mixing (so the water becomes “spicy” - Ruddick & Gargett, 
2003), and “thermohaline staircases” form where mixing creates regular 
sequences of turbulent layers that extend vertically over depths of hundred 
of meters (Jacobs et al., 1981).  

The mixing that results is referred to as ocean “spiciness”.   Our direct CTD 
(conductivity temperature depth profiler) observations (bottom) with ice 
cover show less evidence of this than in observations without ice-cover. 

We are especially interested in the influence of tides and internal waves 
(Albrecht et al., 2006) on cold spice as they will also influence how and when 
these layers form.

Profiles from Jacobs et al., 1981 showing freezing point of water T , T, S and s along with the f T

glacier tongue thickness and water depth. A thermohaline staircase has formed creating layers 
of high and low vertical mixing - see tank experiment to the right. 
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Temperature and salinity profiles from three stations around the tip of the glacier tongue from 
the 4th and 5th of November 2005.  Also included is a profile recorded in the tanker channel 
7km to the SW.  Note these are not full depth casts. The dashed line is the freezing point of sea 
water. 
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