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Shale Texture
Shales possess an intrinsic microstructure – high degree of crystal preferred 
orientation (e.g., Kaarsberg, 1959; Vernik and Nur, 1992; Valcke et al., 2006; 
Kanitpanyacharoen

 

et al., 2011) 

Observable effect on seismic wave propagation in shales 

the phenomenological evolution of organic-rich laminar shale and
weakly aligned, micritic samples as a function of thermal maturity.
If given, the visual, physical, and geochemical evidence, we con-
sider that little thermal maturation occurred in the Barnett Shale
sample during the first pyrolysis experiment; then, we may consider
the “oil window” properties as the baseline for any thermal matu-
rity-dependent discussion. Subsequently, prepyrolysis, the laminar
Barnett sample is composed of a well aligned, clay-rich matrix with
dispersed stiffer grains (apatite) and soft, organic inclusions (Fig-
ures 4 and 23). In this model, the vertically propagating acoustic
waves exhibit pressure-sensitivity as the application of confining
stress results in the partial compaction of the sizeable pore space
(φ ∼ 13%) and soft kerogen inclusions. Postpyrolysis, the mineral
matrix remains largely unchanged (Figure 12); however, the organic
inclusions have been expelled leaving largely porous voids (Fig-
ures 12 and 23). Furthermore, the expulsion of produced hydrocar-
bons from the thermally decomposing organic lenses, preferentially
along the weak bedding planes, results in the formation of subpar-
allel to bedding microcracks (Figure 23). This development of mi-
crocracks results in a significant decrease in the acoustic velocities
at low confining pressures (Figure 18), i.e., when the microcracks
are open. However, the application of increasing confining pressure
closes the compliant microcracks, which stiffens the rock frame and
increases the acoustic velocities (Figures 18). At high confining
pressure, we observe that the acoustic velocity exhibits negligible
evolution from the prepyrolysis values. The equivalence of velocity
pre and postpyrolysis indicates that the nature of the compliant in-
clusions; e.g., kerogen-filled or oil-filled or porous, is irrelevant to
the load-bearing structure of the composite shale. Subsequently, in
this laminar shale model, at low-confining pressure, the acoustic
velocity is determined by induced microcracks, whereas at elevated
confining pressure, it is the thermally unaltered, load-bearing sili-
ciclastic matrix that determines the acoustic velocity, while the
material filling the dispersed compliant inclusions has no appreci-
able effect on the acoustic response of the rock. In this manner,
the thermal maturation of laminar shale is only
acoustically observable so long as the induced,
subparallel to bedding microcracks are open.
Once the generated fluids migrate from the host
rock, unless the fluid is immediately replaced by
other generated fluids, the cracks are expected to
close and the acoustic signature of elevated ther-
mal maturity will be lost.
Importantly, this conceptual model also ap-

pears applicable to the Kimmeridge shale sam-
ples presented in Allan et al. (2014). The
laminar Kimmeridge samples exhibit the same
development of cracks, albeit with a wider aper-
ture, and decrease in vertically propagating
velocities as seen in the Barnett Shale. However,
due to the lack of applied confining pressure dur-
ing pyrolysis in Allan et al. (2014), the effect of
these microcracks is compounded by the forma-
tion of sample-scale fractures. These fractures do
not close at high confining pressure, as a result,
the high confining pressure elastic behavior of
the two laminar shales diverges. However, given
the similar physical, geochemical, and low pres-
sure elastic evolution of the two shales, we

hypothesize that, were the Kimmeridge samples pyrolyzed under
applied confining pressures, the high confining pressure behavior
of the two laminar shales would be very similar.

Green River

The baseline, thermally immature Green River sample used in
this study is a tight (approximately 1% effective porosity), weakly
aligned, dolomicrite rather than a “typical” shale (Figure 4). The
organic matter occurs in the Green River sample not as discrete,
aligned lenses, but rather as an unstructured pore-filling phase. Sub-
sequently, the sample is modeled as a subspherical granular pack
with organic matter filling the intergranular pore space (Figure 24).
This low porosity morphology with load-bearing, pore-filling ker-
ogen results in fast, largely pressure-insensitive acoustic velocities
(Figure 16). Postpyrolysis, the visible loss of kerogen (Figure 14)
and increase in effective porosity (Table 5) removes load-bearing
pore-fill and results in a significant decrease in acoustic velocities
(Figures 19 and 20). Indeed, further pyrolysis amplifies this effect
as still more load-bearing pore-fill (in this case, kerogen and heavier
hydrocarbons) is expelled and the rock becomes acoustically still
slower (Figures 19 and 20). Furthermore, the loss of pore-filling
material enables the rock to strain to a greater degree under increas-
ing confining pressure (Figure 24), which is acoustically visible as
an increase in the pressure-sensitivity of velocities postpyrolysis.
That the acoustic evolution is largely isotropic (Figures 19 and 20),
with no noticeable development of aligned compliant features or
microcracks, indicates that in the absence of aligned features (e.g.,
mineral crystals, strong bedding, or organic lenses) in the baseline,
thermally immature microstructure, the thermal maturation-induced
evolution will occur as a largely uniform, isotropic process. As seen
in the previous section, complex anisotropic changes can exist, al-
though the textural source of these changes is not definitively iden-
tified. Thus, in this model, the progression of thermal maturation
across a horizon in a weakly aligned rock, such as micrites or
siltstones, may be visible through lateral decreases in measured
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Figure 23. The conceptual model for laminar shale evolution upon thermal maturation
as a function of confining pressure. Four stages of evolution are shown: (a) immature
sample at low confining pressure, (b) immature sample at high confining pressure,
(c) gas window sample at low confining pressure, and (d) gas window sample at high
confining pressure.
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Microseismic dataset

• 92,571 events from 119 stages along 10 horizontal 
wells 

• Recorded by 96 3C geophones in three downhole 
arrays  

• 1D velocity model built assuming elliptical 
anisotropy 

• Provides estimates of ε and γ 

• Geophones located primarily in thick, strongly 
anisotropic  layer above target layers



Shear-wave splitting results



Shear-wave splitting results

Strong anisotropy 
predominantly VTI



Smoothed splitting results



Smoothed splitting results
Reduction in strength 
of splitting close to 
strike of fracture

Distortion of VTI indicates 
NE-SW striking dominant 

fracture set
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SV Synthetics 
 Maslov asymptotic theory
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Sources of anisotropy: Mineralogy

~60%  
Clays

~35%  
Quartz

Overlying units Reservoir units

• Most geophones are in the overlying clay rich layers

• Preferred alignment of clay minerals can produce anisotropy



Anisotropy due to clay platelet alignment

• Theoretical model of Sayers (2005) 

• ODF described by two coefficients: 
W200 (contours) and W400 (colour) 

• Assumptions:  

• VTI rock and TI clay platelets 

• Quartz randomly oriented 
(isotropic)

60% clay

 40% quartz
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13% chlorite
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Tangential compliance
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Effect of additional compliance from 
cracks/grain boundary contacts

ZN ZT

Grain boundaries 
must have low 
normal compliance



Conclusions

• Estimated SWS  from microseismic events in a shale reservoir and 
interpreted anisotropy in terms of fabric and fractures 

• Strong VTI anisotropy with evidence for: 
• Overprint of NE striking fracture induced anisotropy 
• SH-SV wavefront crossover 
• SV wavefront folding (triplication)  

• Aligned phyllosilicates can explain magnitude of anisotropy 

• Horizontal micro-cracks or grain boundaries must have low normal 
compliance 

• Future work: obtain a sample of shale to better quantify mineralogy 
and texture
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