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Induced/Triggered Earthquakes in an
Intraplate Setting

Relatively quiet until ca. 2009, then
rapid increase in seismicity due to

wastewater injection into overlying
Arbuckle Group carbonates.

Multiple proposed mechanisms.

tress changes
in crust

Sept. 2016, M, 5.8
near Pawnee, OK

Increased pore-
pressure in fault-zone

Modified from Langenbruch & Zoback (2016) Courtesy of B. Carpenter



Fractured Basement, Fluid Pathways
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Multiple sets of high-angle to subhorizontal — =*Z! i | i
mineralized fractures are ubiquitous in z.’ﬁ g @ :
basement rocks investigated to date. o '%j 2 | £




Fractured Basement, Fluid Pathways
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Increased pore-
pressure in fault-zone

Ubiquitous fracturing may provide a
pathway for diffusion through
permeable basement rocks.




Earthqguakes Require Faults

Marsh and Holland (2016)




Faulted Basement, Fluid P

Modified from Marsh and Holland (2016)




Modified from Marsh and Holland (2016) S

Sinclair Louisa M Jones 46 (Pawnee Co.)

Mineralized fractures
Include a 2-5mm thick
subvertical carbonate
vein with basement
clasts and slickensides.

Drilled in 1962
Lithology: Coarse-grained Rhyolite

44 km SE of the 2016 M,, 5.8 Pawnee
Earthquake




Jones 46 - Sheared Vein

Carbonate “vein” with slickensides.

Mineralogy: ~90% Calcite, 10%
Dolomite, minor pyrite and clay. Some
spots contain host rock clasts.

Adjacent host rock chemically altered —
Fe largely oxidized, Na mostly removed,
enriched in As, depleted LREE, primary
plagioclase replaced by calcite and/or
clay minerals, precipitation of pyrite and
sulfate.




Jones 46 - Sheared Vein

lllite/Chlorite clay-
dominant layer along
contact with host rock,
shows sheared fabric

Rhyolite
clasts



Jones 46 - Sheared Vein

lllite/Chlorite clay-
dominant layer along
contact with host rock,
shows sheared fabric,
cross-cuts other vein

Heterogeneous calcite with illite and
dolomite, porosity, incoherent structure.
NI Interpreted as fluidized injection.

Cemented calcite, some
variance but mostly equant



Jones 46 - eared Vein

Grainsize reduction and
.4 dolomite authigenesis
along boundary

Twinning and recrystallization textures in
calcite consistent with high strain at
temperatures below 170° C




Jones 46 - Sheared Vein

Embayment and development of lenses Formation of carbonate clasts A Mas s i vgeamedf | ne

in pre-existing clay-rich alteration zone containing host fragments homogeneous texture



