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Location

• Midwestern Basins and Arches aquifer 
system

• Indiana, Ohio, Michigan, and Illinois





Background

• Land in this area is primarily temperate deciduous forest with 
some grasslands and savannah near Lake Michigan

• Less than 20% is being used as cropland
• This area is urbanized and industrialized 
• Climate:  Humid Continental, moderate climate
• Average Precipitation:  Moderate to high, depending on snow fall 

amounts
• Aquifers used for irrigation and residential use

• 15% groundwater drawn up in this area is from the carbonate-rock aquifer



Why I Choose This Topic

• Interested in carbonates and their relationship to the  
environment

• Previous work with carbonates
• In an area located nearby



Source of data

• Samples taken from 1,300 groundwater wells in study 
location

• Carbonate-rock aquifers and glacial aquifers

• Detailed analysis done on each sample
• Samples were taken from both domestic and test wells
• Samples were taken at deepest available points in each 

well



Surrounding Geology

• The Midwestern Basins and Arches aquifer system lies between 
the Appalachian, the Illinois, and the Michigan Basins.

• Bedrock units range in age from Ordovician to Lower 
Mississippian

• Ordovician units are predominately shales with interbedded 
limestone

• Carbonate bedrock in Silurian and Devonian in age
• Mississippian ages shale overlies carbonate rock outside of study 

area but has been eroded away within this system
• The ground surface is covered with Quaternary aged glacial 

deposits





Previous work

• Describe physical and hydraulic boundaries of this 
aquifer system

• Identify relationships between surface and groundwater
• Develop a model to compute a regional ground water 

budget
• Identify groundwater chemistry in relations to flow



Inverse Modeling of effect of pCO2

• Use PHREEQC to model variations in 
dolomite concentrations by modifying 
pCO2 

• Used 2 deep carbonate-rock wells
• One well with bedrock near the surface
• One well with bedrock far below the 

surface

• Using inverse modeling 
• Test with pCO2 at average atmosphere 

level: -3.5
• Test with average pCO2 in aquifers: -4.8



• Choose two carbonate 
rock aquifer wells to test

• Located in North-Eastern 
section of Midwestern 
Basins and Arches aquifer 
system 

• Within the Maurmee 
River Basin

• Well #1: Augustine
• Well #2: City of Weston







Results- wells at average pCO2 (-3.5)

• Augustine Well
• 65 Models found with 

uncertainty at 1

• City of Weston Well
• 65 Models found with 

uncertainty at 1

“+” dissolving
“-” precipitating 



Results- Wells at average aquifer pCO2 (-4.8)

• Augustine Well
• 65 Models found with 

uncertainty at 1

• City of Weston Well
• 65 Models found with 

uncertainty at 1

“+” dissolving
“-” precipitating 



City of Weston Well Results

• At pCO2 = -3.5

• At pCO2 = -4.8



Conclusions

• Every test showed precipitation of Calcite
• Greater at a higher pCO2
• Greater at City of Weston Well  deeper

bedrock

• Every test showed dissolution
of Dolomite

• Greater dissolution at higher pCO2
• Greater at City of Weston Well



Questions
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