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Complex conductivity mapping has gained increasing attention in the past decades, as electrical induced polarization has been shown to provide interesting signatures in detecting the presence of geological materials1-7 such as clay, ore, pyrite and potentially hydrocarbon. However, existing understanding of induced polarization has been empirical, and incapable of providing quantitative insights on the intrinsic physical properties of the corresponding materials. 
[bookmark: _GoBack]Here we show a series of unique induced polarization signatures of model porous media with brine and more conductive solid or porous metallic inclusions that are relevant in geophysical settings.  We establish the fundamental experimental and theoretical framework connecting such electrode polarization signatures to the intrinsic properties of the materials, such as size, volume fraction, surface area and capacitances of the metallic inclusions, as well as the ion concentration and potentially pH of the solution. By exploiting the consistency between frequency domain and time domain measurements, we also find that unlike in clay or shaly sand1-5, the maximum phase shift and associated chargeability of the conductive inclusions only depend on the effective volume fraction of the feature, and are insensitive to brine concentration and other factors. Examples of our model systems include gold coated particles, stainless steel particles, activated carbon particles7, and etc. embedded in a glass bead pack.  
The broad agreements between theory and experiments, especially the applicability to time-domain analysis, suggest that our understanding can be readily applied to a field scale EM survey for advanced sensing strategies in conjecture to basin analysis.  In geological settings, basin analysis can provide reliable insights into parameters such as porosity and brine concentration, and further analysis based on our induced polarization method can be used to directly predict and map out useful mineralogical information. The explicit theoretical formulations also provide new insights into computational EM modelling, and should be accounted for in both forward and inverse models. In addition to the broad geophysical applications, our discovery also leads to new strategies for characterizing conductive or bio-inspired materials.
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