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Introduction
The characterisation of geological structures controlling preferential fluid migration pathways in the subsurface is essential for understanding reservoir sealing efficiency for hydrocarbon exploration and production, and for long-term geological CO2 storage. Also, joint analysis of co-located seismic and electrical property survey data could improve in-field monitoring techniques and reservoir interpretation. Joint interpretation of P-wave velocity and attention with electrical resistivity would be particularly useful, where collection of S-wave data is limited. The anisotropic behavior of these properties in shallow marine formations could indicate subsurface fluid migration pathways (resistivity anisotropy) related to stress state and deformation (seismic anisotropy), that can change during fluid production and injection.
In general, anisotropy is related to the scale of measurement (core sample to field scale) relative to the scale of the geological structure (grain fabrics, bedding, fractures).  However, pore scale structures can play an important role at field scales, making laboratory core sample studies of value. Recently, Han (2018) presented laboratory experimental and theoretical joint anisotropy results for synthetic fractured sandstones that provide some insight into the anisotropy behavior of reservoir rocks.  In this study, we combine joint elastic and electrical anisotropy measurements on natural sandstone with their response to effective stress and related deformation.   
Methodology
Three core plugs were extracted from a sandstone specimen at 0°, 45° and 90° with respect to the bedding plane normals (Fig. 1a), also indicating the respective ultrasonic wave propagation incidence angles during the experiment; we  assume transverse isotropy with rotational symmetry axis normal to the bedding planes. The specimen was collected from the Yellowbank Creek Sandstone Injectite Complex, USA, formed from ancient sediment fluidisation and remobilisation processes in the shallow sub-surface, with subsequent diagenetic lithification to form a weakly cemented rock (Scott et al., 2009). The rock was competent enough to allow coring and sample preparation protocols for laboratory tests, and therefore an ideal candidate to investigate anisotropic properties of shallow marine granular sedimentary formations (by analogy to modern sub-seafloor fluid escape features, such as chimney structures). The test was carried out at room temperature using a combined ultrasonic pulse-echo, electrical resistivity tomography, and deformation, high pressure experimental rig (Falcon-Suarez et al., 2014). Because confining and pore pressure may affect differently the measured property (i.e., different effective stress coefficients), a progressive geological uplift process was simulated using a loading/unloading confining stress path of 20-25-30-35-30-20 MPa, repeated four times with pore pressures of 2-7-12-17 MPa, giving a total of 24 stress states. 
Stress dependence and anisotropy – initial results
The full dataset is shown in Fig 1b. In general, P-wave velocity (Vp) increases, and P-wave attenuation (Qp-1) decreases, with increasing incidence angle (i.e., from S-0 to S-90), while resistivity increases up to a maximum at 45° and recovers afterwards (Fig. 1b).  The degree of anisotropy for Vp and Qp-1 was calculated according to Best et al. (2007). The bulk resistivity of each sample was broken down into three orthogonal resistivity components using the method of North et al. (2013), and compared with the microstructural features observed from thin sections made from the three plugs post-test. The results indicate the resistivity and Qp-1 anisotropy are more sensitive to microstructure changes than Vp, pointing to the importance of grain scale observations for deformational and/or pore fluid distribution interpretation from larger-scale anisotropy estimates.    
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Figure 1.(a) Illustration of the three samples extracted at 0°, 45° and 90° with respect to bedding planes; (b) stress-dependency of P-wave velocities (Vp) and attenuations (Qp-1), and electrical resistivity for the three oriented samples (S0, S45 & S90). Pp is pore fluid pressure.
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