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Abstract. Salinity distributions in the coastal subsurface are a result of complex relationships 

between geologic features, hydraulic gradients, and fluid density differences. The interactions 

between these factors produce groundwater flowpaths and mixing of fresh and saline 

porewater that can have important effects on geochemical reactions in the subsurface that in 

turn affect groundwater-borne chemical fluxes to estuaries and the ocean. The focus of this 

study is to understand the effect of a sandy paleochannel buried beneath a low-permeability 

clay and peat cap on salinity distributions, groundwater flowpaths, and resulting water fluxes 

into Indian River Bay, Delaware, a coastal estuary affected by eutrophication. The hydrology, 

stratigraphy, subsurface salinity distributions, and submarine groundwater discharge (SGD) 

rates and patterns were characterized at Holts Landing State Park at Indian River Bay. A 

buried paleochannel and near-bottom confining beds were located with coring and offshore 

chirp seismic profiling. Electrical resistivity surveys and vertical porewater salinity profiles 

to depths of up to 17 m indicate that a zone of relatively fresh groundwater extends hundreds 

of meters offshore. SGD measurements from seepage meters were collected to better 

understand discharge salinity, rates, and spatial and temporal SGD patterns. Measurements 

indicate that SGD is primarily saline, and that the lowest salinity groundwater discharges 

near the shoreline in the area away from the paleochannel feature and along the submerged 

paleochannel/interfluve boundary. Hydraulic head and permeability measurements in 

onshore and offshore wells provide information on site hydrology and temporal change. Data 

were incorporated into a MODFLOW model of the Indian River Bay watershed, which 

provides a estimate of groundwater flowpaths and fresh SGD fluxes and patterns on a large 

scale. The watershed-scale model was used to obtain boundary conditions for a site-scale 

variable-density SEAWAT model. Simulations highlight the role of geologic heterogeneity in 

controlling the flow system. Results indicate that a very low value of vertical hydraulic 

conductivity in the cap material and a higher value of horizontal hydraulic conductivity in the 

channel bed are required to reproduce observed salinity distributions. 
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