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A detailed view of the injection-induced seismicity in a carbonate gas reservoir in South-

western Sichuan Basin, China
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Seismicity at a gas reservoir located in the relatively stable Sichuan Basin, China, mirrors the injection pressure of unwante
water, suggesting that the seismicity is injection induced. Injection under high pressure on a routine basis began on 9 Jan. 200
and continued to July 2011. During the injection period, over 120,006frwater was pumped under a wellhead pressure of up
to 6.2 MPa into the limestone formation of Permian 2.45 to 2.55 km beneath the surface. The injection induced more than 7,00
surface recorded earthquakes, including 2 M4+ (the largest one was ML4.4), 20 M3+, and more than 100 M2+ events. Dat:
observed by a nearby local seismic network and five temporal stations provide a detailed view of the spatio-temporal distributior
of the induced earthquakes. Most events were limited to depths ranging from 2.5 to 3.5 km, which is consistent with the limeston:
formation of Permian. In a map view, hypocenters are concentrated in a NNW extended ellipsoidal zone approximately 6 kir
long and approximately 2 km wide centered approximately 1 km northwest of the injection well.

The spatio-temporal distribution and other statistical results indicate that the triggered seismicity is characterized by four
typical phases, which reflect the patterns of the injection rate and wellhead pressure. The largest ML4.4 events occurred whe
the wellhead pressure reached 0.9 MPa at the very beginning of injection. Various factors, such as the shear mechanism, t
pattern of hypocenter distribution, and the fractal dimensions, indicate that the induced seismicity in the region resulted fron
the reactivation of pre-existing faults. Injected fluids diffuse outward along pre-existing faults, which were originally stressed,
weakening the faults and leading to their reactivation. The intersections of a set of conjugate fractures are particularly suitabl
for fluid flowing. Some relatively large dipped faults likely bound the outward fluid flow and provide paths for upward leakage
and downward flow.

The overall migration front follows a typical pore-pressure diffusion curve with a hydraulic diffusivity of &4. fhere are
also some fast responses of seismicity on pressure change reflecting pore-pressure diffusion along the surface of pre-existi
faults with a hydraulic diffusivity on the order of 1 to 10%fs. Multi sources of evidence, such as the shear mechanism, pattern
of hypocenter distribution, and small elevated pore pressure as compared with the least principal stress in the region show th
the induced earthquakes occurred as a result of lowering of the effective normal stress on known or unknown pre-existing blin
faults.
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