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Abstract 
 
The Glacial aquifer covers a large area of the United States from Maine to Alaska and from Canada to 
Kentucky. Materials that compose the aquifer were deposited by various advances and retreats of glaciers in the 
northern United States over the last 1 or 2 million years. This large aquifer contains areas of varying 
characteristics including natural vulnerability, intrinsic susceptibility, and hydrogeologic conditions. The natural 
vulnerability of the aquifer may be affected by the source of the glacial materials whereas the intrinsic 
susceptibility is most related to the coarse- or fine-grained texture of surficial materials. The areas of similar 
hydrogeologic conditions are broadly categorized as buried sand-and-gravel deposits in bedrock valleys and the 
more continuous layers and lenses within the surficial glacial drift. These three characteristics (natural 
vulnerability, intrinsic susceptibility, and hydrogeologic conditions), in combination, contribute to the 
variability in water quality across the Glacial aquifer.  
 
As part of the U.S. Geological Survey’s National Water-Quality Assessment Program, ground-water-quality 
data were collected at over 1,700 domestic, public, and monitoring wells from representative parts of the 
Glacial aquifer. Statistical analysis of these data shows the variability of water quality in the Glacial aquifer, 
which can be divided spatially into various hydrochemical regions by grouping areas with similar water quality. 
Principal components analysis and correlation analysis indicate that some water-quality constituents may 
contribute to most of the variability. These constituents include the major ions--magnesium, fluoride, calcium, 
nitrate plus nitrite, silica, and sulfate; the trace elements--iron, manganese, uranium, arsenic, and nickel; and 
dissolved oxygen.  Sites with similar water quality were grouped together using cluster analysis (a statistical 
method that groups data to maximize the between-group variability and minimize the within-group variability). 
After validating the groups that resulted from cluster analysis, kriging, a geostatistical technique, was utilized to 
create hydrochemical regions based on the spatial distribution of the groups. Discriminant analysis was used on 
the hydrochemical regions to identify geologic and environmental factors that may contribute to the spatial 
variability of water quality in the Glacial aquifer. 
 
The hydrochemical regions spatially define areas of similar ground-water quality across the Glacial aquifer.  
Understanding the water-quality differences in the Glacial aquifer and knowing the geologic and environmental 
factors that affect the spatial variability will help in facilitating the transferability of this information to other 
water-quality studies.  
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