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My interest in the Arctic relative to GEOTRACES pertains to isotopes of Si.  More than 
any other ocean basin Si dynamics in the Arctic are governed by freshwater input and exchange 
with adjacent basins. The volume of the Arctic is approximately one percent of the global ocean, 
but it receives over 20% of the freshwater inputs.  The dissolved Si entering the Arctic from 
rivers is ~0.5 Tmol a-1 (1 Tmol = 1 x 1012 moles) which is 10% of the influx of dissolved Si into 
the global ocean such that river inputs, combined with exchange along the broad shallow shelves 
of the Arctic should have pronounced effects on the Si isotope budget making the Arctic Ocean 
an extreme end member in the cycling of Si isotopes throughout the global ocean.  

The GEOTRACES Science Plan discusses how the program can advance our 
understanding of nutrient utilization proxies such as δ15N and δ30Si.  With regards to Si isotopes 
the plan states: “Silicon isotopes show similar promise to those of N, but with the ability to 
specifically assess the Si cycle and the production of opal. Silicon isotopes have been studied in 
only a few sites, however, and new knowledge will rapidly be derived from more comprehensive 
coverage…”.    Isotopes of N in nitrate is a key GEOTRACES parameter. Si isotopes are not, nor 
should they be.  The number of laboratories making accurate measures of isotopes of Si in the 
US (1) is inadequate to enable isotopes of Si to be measured comprehensively on all US 
GEOTARCES cruises.  The situation in Europe is different where there has been a rapid 
expansion of the number of laboratories measuring isotopes of Si and the list of studies of Si 
isotope distributions is growing rapidly.  All Canadian and European GEOTRACES cruises have 
thus far sampled for Si isotopes.  US GEOTRACES must be strategic about the appropriate US 
sampling for Si isotopes to compliment this larger international effort.  

Initial data from the Arctic suggest that progress can be made by sampling full water 
column profiles of δ30Si in silicic acid and in biogenic silica at a limited number of strategically 
located stations as part of the US GEOTRACES effort in the Arctic. Measurements of silicon 
isotopes on the recent Canadian Arctic GEOTRACES cruise provide the first insights into Si 
isotope dynamics in the Canadian Basin.  The results were surprising with the Arctic being 
unique having the heaviest δ30Si(OH)4 in deep waters by far compared to all other ocean basins.  
That apparently anomalous result was successfully predicted using a box model that coupled Si 
fractionation by diatoms into the global meridional overturning circulation. The fundamental 
driver of the heavy character of the Arctic in the model was the fact that deep water exchange 
between the Arctic and adjacent basins occurs at relatively shallow depths.  As δ30Si(OH)4 
generally decreases with depth in the upper 2.5 km of the ocean this shallow exchange seeds the 
Arctic with source waters with inherently heavy Si(OH)4 signatures that are subsequently 
amplified by biological fractionation and opal burial within the Arctic. The Canadian study 
sampled a limited geographic range and additional measures are required to establish the 
generality of those results and to further test the mechanisms suggested by the model. 

The Canadian study also measured Si isotopes within biogenic silica, δ30bSiO2.  Those 
results revealed the likely contribution of sea-ice diatoms to Si isotope dynamics in surface 
waters.  Moreover, δ30bSiO2 declined with depth which is the opposite pattern to that predicted 
by fractionation during the dissolution of diatom frustules observed in laboratory studies. 
Verification of these trends would reveal a major misconception in how silica remineralization 
affects the distribution of isotopes of Si in the sea.   


