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Abstract 
 
In the past several years, a handful of authors have pointed out the existence of peculiar source mechanisms patterns observed during hydraulic 
fracture stimulation. A vast majority of microseismic events indeed exhibits a “dip-slip”-like source mechanism with polarity reversals. 
Similarly, other authors have reported the existence of strike-slip sources, striking (sub-)parallel to the maximum horizontal stress and also 
showing polarity reversals. Such distributions of source motion could shed light on the fracture geometry itself and are therefore critical to 
capture and assess properly. The above results however assume that the monitoring network is able to completely capture the seismicity above 
a given magnitude level (the magnitude of completeness). While it is well-known that borehole arrays, due to their very limited focal sphere 
coverage, show spatially varying sensitivity, it has always been accepted that surface arrays are immune to such an issue thanks to their broad 
aperture. In this paper, we demonstrate that the magnitude of completeness of a surface network also depends on source radiation patterns. In 
particular, the sensitivity to strike-slip events is shown to be lower than the sensitivity to dip-slip events, thus skewing the retrieved 
microseismicity and potentially leading to mis-interpretation. To this effect, we have generated two synthetic microseismic catalogues in which 
events are characterized by a random spatial distribution constrained to a finite volume (thus simulating the spatial extent of a microseismic 
cloud) and with magnitudes verifying the Gutenberg-Richter law, which gives the probability density f(m) of magnitude m. Each catalogue is 
then attributed a dip-slip or a strike-slip dominant source mechanism. The resulting amplitudes are calculated at the surface for different 
acquisition geometries and compared to randomly varying noise distributions following a Gaussian distribution through the bootstrapping 
method so as to estimate the detection probability of each event in the two considered cases, being compared through the retrieved Gutenberg-
Richter characteristics. Doing so, we show that the difference in magnitude of completeness between strike-slip and dip-slip mechanisms can 
reach an order of magnitude. This highlights the fact that source-mechanism based interpretation when monitoring microseismicity from the 
surface should be performed with the utmost caution. 
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Observations

2

Example (Surface) Dataset

Roux [2016]
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Bedding Plane Model

• Interaction of the HF with bedding
planes

• Proxy to the HF geometry & insights on 
net pressure (Roux, 2016)

• Explains

(1) Structural linearity

(2) Polarity reversals

Horizontal Slip

Tan & Engelder [2016]

Stanek & Eisner [2013, 2017]
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Building A Synthetic Catalog - Propagation

Velocity Model Events & Network
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Metric: Frequency-Magnitude Distribution

Definition

𝐥𝐨𝐠𝟏𝟎 𝒏 𝒎 > 𝑴 = 𝒂 − 𝒃𝑴
(Gutenberg-Richter)

• 3 parameters:

mc: magnitude of completeness

 b: slope of the curve above mc



a: “total seismicity” (𝑛𝑆 = 10𝑎)

mc

b
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Completeness v dip & rake (constant strike)
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Synthetic Catalogue

Initial Magnitude Distribution Fixed Rake, Varying Dip FMDs
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Discussion
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• Radiation + limited aperture = observational bias

• Statistical demonstration  small sources are missed for other mechanisms

• Risks of mis-interpretation!
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Questions?




