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Radiocarbon dating a new record of the strength of the Walker circulation across the Pacific  

Alexander van Geen (LRP) 

Abstract. 
A connection was recently established between the intensity of equatorial trade winds and the strength of 
the oxygen-minimum zone (OMZ) in the eastern tropical Pacific from variations in denitrification 
recorded by bulk organic 15N/14N in three suboxic basins along the western margin of North America. 
This request for radiocarbon dating will extend the length of the available record of denitrification from 
150 to ~2000 years in one of these basins.    
 
Proposed Research.  
Anoxia was widespread in the ocean at various times in the past when the Earth climate’s was 
considerably warmer than today and this has been attributed, at least in part, to a lack of deep convection. 
Such observations combined with modeling have been widely interpreted as an indication that global 
warming driven by the anthropogenic build-up of greenhouse gases in the atmosphere could result in the 
expansion of OMZs (Keeling and Garcia, 2002). However, a different model validated by hydrographic 
observations since the 1950s has recently shown that enhanced stratification at lower latitudes has 
resulted in a weakening instead of a strengthening of the OMZ in the eastern tropical Pacific, essentially 
because a deepening thermocline reduces the supply of nutrients to the euphotic zone and therefore 
oxygen consumption at depth (Deutsch et al., 2011). In order to determine which of these opposing low- 
and high-latitude responses to global warming on dissolved oxygen (DO) is likely to dominate in the 
future, I have tried with colleagues for over a decade to identify a sediment proxy that would make it 
possible to extend the record of variations in the intensity of the northeast Pacific OMZ beyond that of the 
instrumental record. 
 
We had our first breakthrough a few years ago when Bob Thunell (U. South Carolina) analyzed bulk 
organic 15N/14N in a box core from anoxic Soledad Basin located 40 nm west off the coast of southern 
Baja California that, with Climate Center support, Jacob Mey and I collected and John Crusius (USGS) 
dated with 210Pb. The Soledad Basin 15N/14N record turned out to bear a remarkable resemblance to 
variations in DO levels off southern California since the 1950s recorded by the CalCOFI program, 
including a minimum in OMZ intensity during the decade centered on 1990 (McClatchie et al., 2010; 
Deutsch et al., 2011). This proxy validation confirmed the  connection between the deficit in 
concentrations of dissolved NO3 relative to PO4 centered on core of the OMZ in the region due to 
denitrification that is paired with isotopic enrichment of NO3

- remaining in the water column (Sigman et 
al., 2005). In a region where the entire NO3

- supply is consumed, the integrated isotopic composition of 
organic matter leaving the euphotic zone, and therefore sediment underneath, should equal that of the 
NO3

- entering the euphotic zone (Thunell et al. 2004).  
 
The second breakthrough came about when the Soledad Basin record turned out to be very similar to that 
of two other records of bulk 15N/14N obtained independently by Will Berelson (U. Southern California) 
from two distant suboxic basins at the mouth of the Gulf of California and in the Southern California 
Bight, respectively. All three records indicate a gradual decline in OMZ intensity from 1850 to 1990, 
followed by a rapid strengthening over the past two decades (Fig. 1). The records therefore show that 
conditions associated with coastal hypoxia events off the coast of Oregon (Chan et al., 2008) that had 
tentatively been attributed to the impact of global warming were in fact not unprecedented. The difference 
in sediment rates and local biogeochemical conditions across the three sites also assuages any reasonable 
concerns one might have that bulk organic 15N/14N reflects local diagenetic effects (Prokopenko et al., 
2006) rather than a broadly distributed change in OMZ intensity.  
 
The third breakthrough came about only recently when Curtis Deutsch realized that the trend in OMZ 
intensity inferred from our three suboxic basins was remarkably similar to variations in the intensity of 




