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Technique
Model Error

Consider two nearby events (top) with travel times 12 and t1.
Much of their ray paths travel through similar earth Structure. S
Taking the travel time difference dt=(2-t1 gives information on the
relative position of the events and is most ffected only by the
velocities close o the events (dt=dr .dn, position vector dotted with
Slowness vector, Sownessis nverse velocity).

To locate many events (bottom) station corrections are often
employed to account for a static shift due to topography or
sediments. The red arc llustrates this grephically where al the r

by velocity variations only local o the events (gray region). Note
that events on the ends are located relative to each other only
through the connectvity of closer events.
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Measurement Error
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Another major source of error in earthquake location R —
‘comes from inaccurate arival time picks for the events. If e Y e
=Emtssea
events are similar enough, cross-correlation can IS0
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used 10 dlign the waveforms and significantly improve the
relative ariva time measurement, These dt values can be B
ety invere for erthuake ocatons e rgn me
inthe double difference

At right is a special case of ar@eam;evuldnsann
the Calaveras fault. Displayed are the waveforms of 39
diffesent events recorded & Station JST. The bottom trace:
shows al the events superposed. To create such aplot the
reltive dt computed by cross-correlation can be inverted
for absolute time adjustments following Van Decar and
Crosson [1990)
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High resolution from an earthquake seismologist’'s p
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Below are 7857 events on the Calaveras Fault in Northern Califoria before and after relocation. The top
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Inverage Ctelon location iors € 15 km hexizonie a3 km ver A mproved locaions eve s o the
order of 0o s o e averts g ot apa. s Ciresepresrt

the fauit (see mp a righ). Onthe left, the arival times are the origindl catelog picks
and on the right the waveforms are aligned by cross-correlation. These record
sections correspond 1o single receiver gathers and are not stacke. The time axis in

s is recuced to the P-wawve arival time. The strong ampiitude artival coming
e NnTald e e vl i = Yy Tor e e

e the wxlons wer ploted ‘order and not true distance. The S-wave
moveout appears more linear on a true distance plot. The strong variations of the S
minus P time, seen here, are a consequence of different distances and event depths.
prior to with are mostlikely S
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Larger er,
the zero crossings and phase are preserved. - Surprisingly Structures deeper into the

dimensions. The 1984 M 6.2 Morgan Hill
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Map vew

, but ST (located off the.
fault) are displayed. The sense of Siip on the Calaveras Fault is the same s the San
Andress Faut,rightatera stk sip. THi can b reesented shematcally with a
beachball diagram a right,
the dilatational quacrants are white. Iterestingly, from the record section most o
the aftershocks of the 1984 Morgan Hill earthquake and the background seismicity
250 seem to extibit right-lateral srike sip motion. The polarities of the P-waves
change from down (blue) to up (red) as JST traverses from the dilatationdl to the
compressional quadrant of the events. Near the middle where the P-wave becomes
o, amplituce

an earthquake.
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Reflection Seismology Earthquake Seismology

explosion source shear source (Swaves)
common mechanisms variable focal mechanisms
ground roll surface waves

sourcesat sourcesat depth (lessground roll)
‘common source size range of magnitudes (M [0.5 6.2])
more receivers more sources

regular spacing iregular distrbution

high fold less redundancy of eventistation peirs
correlation alignment

ics
CMP gathers used ‘Common reciever gather best bic of distr.

earthis the signal

earthis noise
sourceisnoise sourceisthe signal!

Conclusions

“The saying, “One men's signal is another man's noise,” certanly appliesto earthquake and reflection seismologists.

Most earthquake seismologists ook a event waveforms, individualy, to try to understand more about
Since recorded seismograms are the comvolution of both

the source.
source and earth structure, both groups can profit by

‘considering the other half of the equation, perhaps more than is typically done. For example, we may glean more

information for large earthquakes if smaller aftershocks could be
earth. of lots of
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view. Reflection seismology may aso benefit, i problems can et win piwied ol rperored
model.

unknowns - such asthe velocity
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