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Introduction
We present complex conductivity and acoustic velocity measurements to understand how pressure affects pore structure. We calculate permeability from complex conductivity data as a function of pressure and use the results to understand pore stiffness. 
Methodology and Samples Used
We tested a set of three outcrop sandstone samples. The sandstone samples belong to different geological formations but were composed mainly of quartz as seen from the mineral composition results from XRD are listed on (Table 1). For each sandstone, we followed the same protocol as shown in Figure 1b. 
[bookmark: _Ref510027685]Table 1. List of sandstones used in this study and their compositions from XRD.
	Sample Name
	Geological Formation
	Quartz
	Feldspar
	Carbon
	Clay

	BB – H3
	Berea Buff Sandstone
	0.861
	0.053
	0.007
	0.079

	BR – H2
	Berea Regular Sandstone
	0.852
	0.057
	0.015
	0.076

	NU - H2
	Nugget Sandstone
	0.886
	0.061
	0.006
	0.047
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	(a)	(b)
[bookmark: _Ref510027594]Figure 1. (a) The sample holder used for velocity and conductivity measurements isolates the specimen from the confining fluid; pore pressure connections allow fluid flow (Panfiloff, 2016). (b) Experimental workflow chart. Grey marks steps performed before pressure; red marks steps between pressures, blue marks measurements under confining pressure.
We performed low frequency conductivity measurement using a so-called 4-electrode method. We used a custom-built made-for-purpose core holder (PLP jacket) with acoustic and electrical sensors spaced 45 degrees apart (Figure 1a). Two large electrodes placed on the caps of the PLP jacket (Figure 1a) apply a current from the top to the bottom of the rock sample; two small electrodes along the sample axis capture the voltage drop between two points. We recorded resistivity and the phase angle changes in a frequency sweep from 0.2 mHz to 12 kHz. The real and imaginary conductivity data as a function of pressure at different frequencies allowed us to evaluate the effect of pressure on pore structure in sandstones. 
Results 
We see a shift in principal frequency of the complex conductivity towards lower frequencies as pressure increases (Figure 2). A comparison with porosity and permeability shows a comparable decrease in permeability with pressure.
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[bookmark: _Ref510028017][bookmark: _Ref510028139]	(a)	(b)
Figure 2. (a) Change in complex conductivity with pressure. Note how the peak in imaginary conductivity shifts towards lower frequencies as pressure increases. (b) Change in porosity and permeability with pressure with both properties decreasing with increasing pressure.
Discussion
Imaginary conductivity is dependent on, among others, porosity, permeability, tortuosity, specific surface area, and pore-size distribution (Niu et al., 2018). Specifically, the change in frequency sweep of the imaginary conductivity is dependent on the pore size distribution: the effect of larger pores with low specific surface area per unit volume is more prominent at lower frequencies, while higher frequencies are more sensitive to smaller pores and cracks with high specific surface area per unit volume. A shift in the peak frequency might indicate a change in the surface area available for polarization. The shift in peak frequency towards lower frequencies indicates a more significant change in smaller pores as compared to larger pores and, in turn, the surface area contributions from small pores decreases with increasing pressure. Possibly, the pore sizes do not increase as might be inferred from Figure 2, the contribution from different pore sizes changes due to the closure of smaller pores.
Conclusions
[bookmark: _GoBack]Our pressure dependent IP measurements in sandstones show that the real conductivity decreases with increasing pressure; the imaginary conductivity decreases in amplitude with a shift of the frequency peak towards lower frequencies mainly caused by the changes in the pore structure with pressure. 
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