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Why use glaciers for passive seismic studies?
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o relatively
homogeneous
model

@ rapid changes
in stress field

@ analog for
hydrofracturing

BOISEQSTATE

Mikesell, van Wijk, Haney and Bradford Fracture monitoring



Glacier processes have unique seicemic signatures
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(Walter et al., 2010)
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lcequake waveforms (Walter et. al, 2009)
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lcequake locations (Walter et al., 2009)
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The steps forward

We want to quantify glacier processes and properties.

@ Develop a local magnitude scale
@ Estimate source mechanisms

@ Characterize fracture distribution
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2007 passive seismic network

145°41'30"W

@ 9 stations @ L-28 3C sensors (4.5 Hz)
@ 100 m spacing o REFTEK-130 data loggers
@ 250 Hz recording (5 days) @ GPS clocks
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Bench surface waveforms

(b) Surface cluster B event (2004)
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Step 1: event identification

Search Wavelet
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Step 2: cluster identification
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Source mechanism similarity
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Icequake location estimation

d =t+§=t+ (V07T —yF) /v
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Icequake location estimation
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ayleigh wave epicenter locati
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Improving source location resolutio
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P, S, & Rayleigh wave epicenter locati
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Error estimates

Using only the Rayleigh wave

t=9ms
Om = x =10m
y=11m

Using P, S, & Rayleigh waves

t=2ms
o = x=4m
mo y =6m
z=43m
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Fracture properties

TR T S NG v BLTE 5

145°41I 27"W 145°41I "15"W

61°1'56"N

50 m/42 min=2 cm/s

Mikesell, van Wijk, Haney and Bradford Fracture monitoring



145°41"15"W
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Using amplitude information
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Using amplitude information
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Using amplitude information
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Amplitude

Rayleigh wave amplitude:

_ Ao ,—R
Aobs — T%e @

BOISEQSTATE

Mikesell, van Wijk, Haney and Bradford Fracture monitoring



Amplitude — M,

Rayleigh wave amplitude:

Aobs = \/—%e

Richter magnitude:

Ms = logq (Aobs) + f(R, Z)
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Amplitude — My — M,

Rayleigh wave amplitude:

_ Ay .—R
Aobs - T%e o

Richter magnitude:
Ms = logyq (Aobs) + (R, Z)
Empirical seismic moment:

|Og10 (M()) = 15M5 +16.1
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ment Calibration

Tangential Radial Vertical Mw =-1.96
Mo = 1.14e+06 Nm

BGI., VR=76.2

Mxx = 9.49e+05 Nm
Myy = 3.15¢+05 Nm
Mzz = -6.47e+04 Nm
Mxy =4.32e+04 Nm
—

75,00 ms Mxz = 4.76e+05 Nm
Myz = 8.19¢+04 Nm

75.00 ms
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Conclusion

o Improved source location resolution
o Estimate Qe (fractures and water content)
o Amplitude - Ms — My — u x Ax D
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