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Abstract
The contamination of natural environments by crude oil spills presents significant ecological and environmental challenges. Recent advances in geophysics offer cutting-edge techniques that allow the characterization and monitoring of in-situ hydrocarbon degradation processes influenced by chemical, biological, and physical changes. In this study, geophysical methods, magnetic susceptibility (MS), and induced polarization (IP) were used to non-invasively characterize the long-term biochemical and physical transformations of a hydrocarbon-contaminated site. We examined how IP parameters are influenced by iron minerals in a crude-oil contaminated unconsolidated core sample retrieved from 5.3 meters below the land surface, collected from the water table fluctuation (smear) zone of a hydrocarbon-contaminated aquifer near Bemidji, Minnesota, United States. We observe a strong correlation between magnetic susceptibility and chargeability, both spatially and temporally. We also find a moderate correlation between chargeability and the mean relaxation time. These correlations demonstrate that magnetic iron minerals, formed as part of intrinsic hydrocarbon biodegradation processes, significantly influence the electrical properties of the smear zone. Furthermore, increased electrical conductivity above the water table suggests enhanced microbial activity in this region. This likely reflects degradation byproducts that increase pore fluid specific conductance. Temporal datasets show how these processes evolve with changes in environmental conditions, particularly the water table level. 
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