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IODP3-NSF Expedition 501 drilled three sites along a 45 km-long, NNW-SSE transect on
the southern New England continental shelf offshore Nantucket and Martha’s Vineyard to
characterize an extensive offshore freshened groundwater (OFG) system. Each site was
investigated with drilling, coring, wireline logging, and groundwater pumping. Long-term
observatories were installed in two offshore sites to monitor formation resistivity,
temperature, and pressure. Visual core description, smear slide analyses, and core and
downhole petrophysical logging document an unconsolidated sedimentary package
consisting of alternating layers of sand and mud. The deeper sedimentary section is
Cretaceous and was deposited in a terrestrial environment. The shallow sedimentary
section ranges from Paleocene to Pleistocene and was deposited in a marine environment.
Interstitial water and pumped groundwater from the nearshore sites document a transition
from seawater salinity to less than 2% of seawater salinity within the upper 125 mbsf.
Furthest offshore, two freshened zones with salinity that is ~50% of seawater salinity exist
above 300 mbsf. The freshened water salinity is consistent throughout marine and
terrestrial sediments both mud-rich and sand-rich. Preliminary isotope analysis suggested
the freshened water is of Late Pleistocene origin. Compared to salinity, interstitial water
chemistry, including alkalinity, sulfide, and ammonium concentrations, demonstrates
more nuanced patterns, with distinct profiles as well as absolute values downcore. This
integrated research program elucidates the complexity of the freshened system beneath
the southern New England shelf, and has implications for understanding other OFG
systems worldwide.
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