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Introduction
The present study focuses on thermal pore-fluid pressurization (Rice, 2006) and its relation to the deformation and
hydraulic properties of the host rock. Thermal pressurization weakening predicts that the frictional resistance of
the fault will drop as a function of slip, due to thermal expansion of the pore fluids. The governing equations for
this model are:
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where 𝜏 is shear stress, 𝛿 is displacement, 𝜎𝑛 is normal stress, 𝑝0 is the initial pore pressure, 𝐿∗ is the decay
distance, 𝑒𝑟𝑓𝑐 is the complementary error function, 𝑣𝑠 is the sliding velocity, 𝜌𝑐 is the density times the heat
capacity, Λ is the undrained pressurization factor, and 𝛼ℎ𝑦 and 𝛼𝑡ℎ are the hydraulic and thermal diffusivities,

respectively. Experiments are run on our rotary-shear apparatus, capable of reaching slip rates of mm/s, with a gas-
based confining pressure system and a separately controlled pore pressure system.
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1. Thermal pressurization

2. Hydraulic properties

1. Sample assembly
Annular samples of Frederick Diabase are cut and heat treated in a
furnace to 630 ℃, which increase the diabase’s natural permeability
from ~10−23 to ~10−21 𝑚2 (Goldsby et al., 2014). Then the samples
are epoxied to steel grips (Fig. 1), and the bare surfaces are finished
with #120 grit.
The samples are then pressurized at the target confining pressure and
then saturated with water, by applying pore pressure on one end until
water is seen percolating from the tube connected to the other end.

2. Pore pressure oscillation
The pore pressure oscillation method is used to estimate the
permeability and storage capacity of the rock (e.g., Bernabé et al.,
2005). A constant pore pressure oscillation (Fig. 2, top) is generated
using a servo-controlled hydraulic piston on the upstream end of the
sample, after some time the oscillation is recorded on the
downstream end of the sample (Fig. 2, bottom). The amplitude ratio
(𝛼) and phase difference (𝜃), at the oscillation frequency (𝑓), are then
estimated, and then used to calculate the permeability (𝑘) and storage
capacity (𝐵), using the following relations:
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In the future we intend to explore the role that dilatancy induced
by sliding initially mated rough surfaces has on thermal pressurization
weakening. Rough self-similar profiles are generated by summing sine
waves in random phase (Fig. 5), as suggested by Power & Tullis (1991).
Such mated rough profiles can then by made on our bare surfaces with
a computer numerically controlled (CNC) milling machine. A preliminary
experiment was performed using a 2-wavelength mated rough surface
(Fig. 6).

Figure 1. Schematic illustration of 
the sample assembly.

Figure 2. Upstream (top) pressure
oscillation and the downstream reaction
(bottom).
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Dimensionless parameters 𝜉 and 𝜂 are used, along with the downstream reservoir storage capacity (𝐵𝑑), cross-
sectional area of the sample (𝐴), length of sample (𝐿) and dynamic water viscosity (𝜇) to calculate the sample’s
hydraulic properties.
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Figure 3. Frictional
weakening and
dilation as a
function of slip
(left) and inversion
results (right),
solved for decay
distance L*, for the
first millimeters of
fast slip.

Frictional resistance decayed ~40% during the first 10 mm of slip (Fig. 3, left). Weakening was accompanied by
dilation of the interface. Non-linear inversion of the data gives a decay distance L* of 12.03 mm. The observed
behavior does not decay to the predicted value, for the same distance. This discrepancy is attributed to heat
dissipating through the steel sample grips, as noted in previous experiments by Goldsby et al. (2014).

Figure 4. Left - Permeability and
storage capacity results from the
oscillation method, before and
after shear. Darcy flow results
are plotted for comparison.
Right - Heat treatment results
for Frederick diabase (640 and
700 °C data from Keishi Okazaki,
personal communication).
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Figure 6. Photograph of the rough surfaces contacting via their high point (A) and in a mating orientation (B). (C) and (D) 
are photographs of the CNC milled surface, before (C) and after (D) sandblasting with #120 grit. Wall thickness is 5 mm.

Figure 5. Rough surface profiles. 
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