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Hochfrequente Spektrale Induzierte Polarisation zur 
Charakterisierung von Permafrostböden 

High-frequency induced polarization for the characterisation of 
permafrost soil 
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Motivation 

• lce content is essential parameter in permafrost 

research 

• Geophysical methods based on combination 

{DC resistivity and seismics} 

• Potential of HFIP to estimate ice content 
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High-frequency induced polarisation 
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Measured data 

magnitude phase shift 
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(After Petrenko and Whitworth, 2003) 
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Electrical permittivity of fluid water 
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Survey area: Shestakovska River, Yakutia 
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Results, 2D inversion 
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Electric conductivity of ice-containing material (Zarin andAgeev, 2011) 

ä-t(w) = (1- a) ä-~(w) + a ö-f (w) 
a = ice content 

k = structural parameter 

ai = electrical conductivity of ice: 

ö\ (w) = O'i D C + iw Eo (Ei HF+ Ei,DC ~ Ei ,H F) 
' ' l +iw~ 

crm =electrical conductivity of „matrix" (=non-ice) 

Ö-m(w) =am+ iwcocm 
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lce content estimation 

Remember: from 2-D inversion (CC) 

* cOC - cHF s,.. = CHF + ---- + ----
1 + (iwr )C iw coPDC 

Inversion: 

Zorin-Ageev model (ZA) 

CTt(w) = (1- a) CT~(w) + a CTf (w) 

Find parameters of ZA-model to fit CC-model 
underdetermined: Fix 3 known parameters of pure ice - 5 parameters remain 
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Results from Shestakovska River 
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Results from Shestakovka site 
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Conclusions 

• Good data quality apparently even at 200 kHz 

• lce content estimation seems feasible with HFIP 

• lnduction not dominant 

Outlook 

• lnvestigate other petrophysical models 

• Petrophysical model {Z+A) directly into inversion 

• EM induction in 2-D inversion 
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