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Salt Marsh at Pamet River, Truro MA 

My 3000 Mile Journey to Waquoit Bay 

Indian River Lagoon, Melbourne, FL R/V Cayuse/Argo Maine 



Geologic History of Cape Cod  

U. California 

San Diego 23,000 years B.P. 



Oldale, 1981 
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Kettle Ponds  

Oldale, 1981 

Winter et al., 2001 

Great Pond, Wellfleet 



Rivers on Cape Cod  

Winter et al., 2001 



USGS 



Cross Section of Cape Cod: Upper vs. Lower Cape  

Barlow, 2003 



Submarine Groundwater Discharge (SGD) 

Valiela et al. (1992) 
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History of Submarine Groundwater Discharge 

and the Subterranean Estuary in Ocean Sciences 



Housing Density at and Around Waquoit Bay  



Consequences of Groundwater-Derived 

Nutrient Over-enrichment in a Coastal Embayment 

Valiela et al. (1992) 

Waquoit Bay, MA Eel Grass Density: 1951-1987 



Aerial Thermal Infrared Surveys: Waquoit Bay  

Mulligan and Charette, 2006 
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Subterranean Estuary Sampling Methods 



Subterranean Estuary Studies at Waquoit Bay 

(1999-present) 



• Many participants 

have yet to report 

their long-lived 

radium data due to 

the time needed to 

fully analyze 

samples for 

224,223-Ra 

 
Kroeger and Charette (2008) 
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Nitrogen Behavior in the Subterranean Estuary 

Gonneea and 

Charette (2014) 
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Groundwater as a Source of Mercury to the Ocean 
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Cape Cod Times 

Mar. 22, 2007 



The ‘Iron Curtain’ at Waquoit 

Bay 



Iron Curtain as a Natural Permeable Reactive Barrier 

for Contaminant Removal from Groundwater 

 
 

Phosphorous 

Arsenic 



Beyond Waquoit Bay 



Florida Everglades 



Yucatan Peninsula, Mexico 



Guam (Northern Mariana Islands) 



Tumon Bay, Guam 



Tumon Bay, Guam 



Fukushima Daichi Nuclear Power Plant 



Fukushima 

Cesium=Cs Strontium=Sr 
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Greenland Ice Sheet 



Nitrogen Management on Cape Cod 

Credit: Virginia Tech 



Take Home MessagesTake Home Messages  
  
•Groundwater is the sole freshwater resource on Cape Cod  •Groundwater is the sole freshwater resource on Cape Cod    

  

• Freshwater on Cape Cod enters the ocean through groundwater• Freshwater on Cape Cod enters the ocean through groundwater--

fed rivers or submarine groundwater dischargefed rivers or submarine groundwater discharge  

  

• Submarine groundwater discharge of nutrients has lead to • Submarine groundwater discharge of nutrients has lead to 

eutrophication of estuarieseutrophication of estuaries  

  

• Subterranean estuaries can act as filter for groundwater• Subterranean estuaries can act as filter for groundwater--derived derived 

chemical inputs to the marine environmentchemical inputs to the marine environment  
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Aerial Photo of Waquoit Bay  

Valiela et al. (1992) 



Aerial Photo of Waquoit Bay  

Valiela et al. (1992) 


