Improving the measurement side of the double-difference equation:
double whammy high-resolution earthquake locations



Study Area for Relocation
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For Calaveras fault one to two orders of magnitude improvement

2 independent sources of error:
velocity model error (double difference)
pick measurement error (cross correlation)

waveform cross correlation
quantifying the quality

local
regional
teleseismic



Velocity Model Error

dt=1t2 - t1
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Waldhauser and Ellsworth [2000]
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Correlation Measurement Techniques

Coherence
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Correlation Data Quality?
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Comparison of Measurement Error

Catalog phase data
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Inter-event distance dependence
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Fine-scale structure
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231 events 201 events

Comparison of
two streaks
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Complementarity with Morgan Hill Slip Model

along strike (km)




Stress Inversion

Maximum Compressive Stress Orientation

Off-normal pdf

degrees

Slip directions and fault planes known.

Maximum compressive stress is at a high angle to the
fault implying that it is weak.



Two Clusters in China

Regional and Teleseismic



Regional Lg waves 750 km away

Clust2, IC.MDJ

mcc  sigma
sec samp
0.86, 0.004, 0.08

0.85, 0.005, 0.10
0.85, 0.003, 0.06
0.79, 0.005, 0.10
0.89, 0.004, 0.09

0.85, 0.006, 0.12

\“ \/A ,V\ v
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bpfilt .5 to 5 Hz, delta = 0.05 sec, stadist = 750 km, 14529 ... 145938




SS arrivals at 1I.LOBN (clust7)

Teleseismic

mcc  sigma

example in China =N

0.99, 0.003, 0.06

SS phases at 51 degrees

0.99, 0.002, 0.05

bpfilt 30 to 10 sec, stadist = 51 degrees, BHZ component.



Relocation of Underground Nuclear Explostions

@ Lop Nor Test Site

Phase picks @ ISC/ABCE stations
X-corr @ |IRIS/array stations

X-correlation at ULHL.HHZ
Aligned on DOE P-wave picks

19941007

19950515

Selected Phase Pairs

19960608
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time reduced to Pwave pick (seconds)

Aligned by cross correlation

19941007

19950515

19950817

19960608

0 0.5 1 15 2 2.5
time reduced to Pwave pick (seconds)

100 samples/sec, unfiltered (aligned from bp .5 to 2)



Double-difference Locations of Lop Nor Shaft Explosions

Most events are GT1

Absolute locations
Identified from satellite
imagery.




Conclusions

Examples with order of magnitude improvement in measurement error

Double whammy is when both model and measurement error can be
reduced resulting in up to two orders of magnitude improvement in
earthquake locations.

The new degree of resolution obtained enables more detailed studies.

Double-difference approach is preferred for correlation data because it
directly inverts the measured differential travel times.



Future Directions

Differential Tomography

Record sections for Calaveras Fault

Northern California correlation database



35 km Record Section
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Northern CA correlation database

250,000 events

2.5 billion
measurements




