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IODP Expedition 317, Canterbury Basin, offshore 
NZ: on-board geochemistry results 
 

Simon C. George1, Julius S. Lipp2, Toshihiro Yoshimura3, George E. Claypool4 and 
Expedition 317 Shipboard Scientific Party 
 

1 Department of Earth and Planetary Sciences, Macquarie University, Sydney, NSW 2109, 
Australia 
(email: Simon.George@mq.edu.au) 
2 MARUM Center for Marine Environmental Research & Dept. of Geosciences, University of 
Bremen, 28359 Bremen, Germany 

3 Graduate School of Frontier Sciences & Atmosphere and Ocean Research Institute, University 
of Tokyo, Chiba, 277-8564, Japan 

4 8910 West Second Avenue, Lakewood, Colorado 80226, USA 
 

Integrated Ocean Drilling Program Expedition 317 (4 November 2009 to 4 January 
2010) drilled a transect of four shelf-upper slope sites off the eastern South Island, 
New Zealand (Canterbury Basin), in water depths of 85–344 m. The expedition was 
aimed at understanding the relative importance of eustasy and tectonic and 
sedimentary processes in controlling the development of continental margin 
sedimentary cycles (sequences). Drilling concentrated on late Miocene to Recent 
stratigraphy, during which period the high rate of sediment supply from the nearby, 
uplifting Southern Alps resulted in a high-resolution record of depositional cyclicity 
that was influenced by north-flowing ocean currents. Sedimentary sequences were 
cored in a transect of three sites on the continental shelf (landward to basinward, Sites 
U1351, U1353, U1354) and one site on the continental slope (U1352). The drilling 
transect provides a record of depositional cycles across shallow water shelf 
environments that were directly affected by local relative sea level change. Site 
U1352 represents a complete section from modern slope terrigenous sediment to hard 
Eocene limestone, with all associated lithological, biostratigraphical, physical, 
geochemical, and microbiological transitions.  
 
Comprehensive on-board geochemistry was carried out on all four holes, and 
comprised headspace and porespace gas analysis, analysis of major and some minor 
element constituents of interstitial water squeezed from the sediments (liquid 
analysis), and sediment bulk geochemistry (solids analysis). These data have been 
presented in summary form in the preliminary report (Expedition 317 Scientists, 
2010). This talk will focus on the shallow biogeochemical processes that have been 
shown to be driven by the microbially-mediated remineralization of organic matter 
buried with the sediments. 
 
A combination of routine residual dissolved gas analysis and high resolution water 
sampling (every section of recovered cores) in the shallow sections from each site 
allowed profiles covering the biogeochemical zones of sulfate reduction, anaerobic 
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oxidation of methane (AOM), and methanogenesis to be examined in great detail. 
Sites U1353 and U1354 are located on the shelf in water depths of 85 and 120 m, 
respectively. Both sites are characterized by the absence or low levels of 
methanogenic activity in the top 150 m leading to low methane concentrations. At 
Site U1353 no hydrocarbons above background levels were detected, and sulfate 
remains close to seawater concentration with the exception of slightly decreased 
sulfate in a lower salinity interval at 20-70 m. No sulfate-methane transition is 
apparent, suggesting that either (1) methanogenesis did not occur in the sediments, (2) 
previously generated methane was lost when the shelf was emergent, or (3) methane 
was oxidized when sulfate was replenished by diffusion after a subsequent sea level 
rise. Hydrocarbon monitoring at Site U1354 showed two peaks in methane content, a 
small one (23 ppmv) at 33-75 m, and below about 200 m where methane increased 
above 20,000 ppmv. In both cases, methane begins to increase where sulfate has 
dropped to zero, and the shallow methane peak disappears where sulfate reappears in 
the cores. These alternations of methanogenesis appear to be related to changes in 
sedimentation rate. The upper and lower methane zones correspond to periods of 
rapid sedimentation (200-400 m/Ma) in which sulfate was depleted and methane was 
generated. The intermediate depths (60-200 m) were periods of slower sedimentation 
(<50 m/Ma) when pore waters could be replenished with sulfate by diffusion from 
overlying seawater. 
 
Sites U1351 and U1352 are located further offshore and show similar geochemical 
profiles that are distinct from Sites U1353 and U1354. At both sites a classical 
sulfate-methane transition (SMT) zone is located around 15-16 m CSF. In sediments 
below the SMT sulfate is virtually absent and methane concentrations increase 
dramatically from background levels in the low ppmv range to >10,000 ppmv. The 
alkalinity at the SMT maximizes at 10 mM and 24 mM for Site U1351 and U1352, 
respectively. The apparent levels of carbon oxidized and the low levels of ammonium 
and phosphate generated at Site U1351 suggest that sulfate reduction is primarily 
fueled by anaerobic oxidation of methane, whereas at Site U1352 both anaerobic 
oxidation of methane and organic matter oxidation are coupled with the removal of 
sulfate. 
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