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Orientaions of dykes and veins provide clues to tectonic stress conditions. A newly formed dilatant fracture in an
intact rock mass is expected to be perpendicular to σ3 (the minimum compressive principal stress) axis. Meanwhile,
pre-existing fractures re-open when fluid pressure Pf exceeds normal stresses acting on them (Delaney et al., 1986).
This criterion can explain a wide range of orientation distribution under a relatively high fluid pressure. Jolly and
Sanderson (1997) employed this criterion and proposed a method to determine a reduced stress tensor which carries
not only σ3 axis but also σ1 axis, σ2 axis and a stress ratio Φ = (σ2 − σ3)/(σ1 − σ3), where σ1, σ2 and σ3 are the
magnitudes of compressive principal stresses in descending order. This method graphically determines the stress
ratio from the range of orientation distribution of dykes or veins. However, the recognition of distribution ranges
in stereograms by eyes is problematic because it can lead us to artificial and incorrect solutions.

We solved the problem by introducing stochastic models to the orientation distributions. Our assumption is that
the frequency of poles to veins or dykes takes its maximum at σ3 axis and monotonically decreases toward the
margin of their distribution range. That means the frequency is a monotonic decreasing function of the magnitude
of normal stress acting on fractures. The parameters of probability density functions includes the unknowns of
a reduced stress tensor, which are optimised so as to fit the probability distribution to the observed orientation
distribution of veins or dykes. There is no need to specify the range of distribution on stereograms since the
optimised probability distribution has principal stress orientations as its symmetric axes and its anisotropy gives
the stress ratio.

The new method has a few options of types of probability distribution. Bingham distribution, which is the simplest
exponential distribution on the unit sphere, turned out useful to model a natural distribution with gradual decrease
of vein poles from σ3 axis to the margin. The stress condition which formed a swarm of Plio-Pleistocene epithermal
quartz veins in SW Japan was successfully inferred (Yamaji et al., 2010). We recently proposed another flexible
model using "shifted power-law" function, which has an advantage in determining the driving fluid pressure ratio
λ = (Pf−σ3)/(σ1−σ3) (Sato et al., in press). This model was applied to a Miocene dyke swarm intruded into the
back-arc basin and basement rocks in central Japan during the rifting of Japan Sea. As a result a normal-faulting
stress regime with an arc-normal σ3 axis and a relatively high magma pressure (λ ≈ 0.8) were inferred.
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