ABSTRACT

A dense regional network such as Pacific Northwest Seismic
Network in Washington State provides accurate epicenter
locations, because of full azimuthal coverage of stations recording
each event. Relative epicenter locations are still more accurate. By
applying the CSM to several of the regional stations an unbiased,
accurate focal depth can be determined for each event. If stations
at different azimuths are used, both pP-P and sP-P delay times
can usually be determined from CSM cepstra so that possible
ambiguity in focal depth can be eliminated. Results from applying
this approach for hypocenter determinations in Washington are
presented for selected earthquakes. They illustrate the
improvement in hypocenter accuracy that can be achieved
routinely. The potential to define active fault surfaces in three
dimensions is significantly improved. Examples illustrating the
results of this approach will be presented.

IMPROVED HYPOCENTER DETERMINATIONS USING THE CEPSTRAL STACKING METHOD (CSM)
WITH A DENSE REGIONAL NETWORK OF STATIONS

Shelton S. Alexander! and Recep Cakir?
1Department of Geosciences, Pennsylvania State University, University Park, PA 16802, shel@geosc.psu.edu

2Geology and Earth Resources, Washington State Department of Natural Resources, Olympia, WA 98501, recep.cakir@dnr.wa.gov

REGIONAL NETWORK (PNSN Stations)
= Sy

PACIFIC OCEAN

LOCAL DATE/TIME: 96/05/02 21:04:23 PM

DEPTH: 5 miles { 7 km)
MAGNITUDE:
ML= 5.3 ; mb = 5.4; Mw= 5.1

CEPSTRAL STACKING METHOD (CSM)

Surface of the Earth

Pacific Northwest

Washington State.

Seismological Network
(PNSN) stations recorded
1996 Mw=5.1 Duvall
Earthquake (blues star) in

Selected stations for
cepstral stacking analysis
are labeled in black for
main shock and in red for

Earthquake

s(t) = f(t)+af (t-t;)+bf (t-1,)s(t)=Observed eartquake signal

FT [s(t)] = F (@)fL+ ae ' + be ™"
and

aand b= amplitude and
polarity of delayed signals

P(0) = F(@)F (@)L + ™ +be ] [L+ae" +be ]

= F(@)F (o) [@+a? +b?)+ 2acos[at,] + 2bcos[wt,] + ab cos[(t, - t,)]]
Then

cw)=[a+a?+b?) 50+ 2a 5(t-1,)+2b5(-t) +ab 5(t+t, +1) o [F (@)F (@)

or

cu=

{(togl F (@)F " (@)1} + logl(1+a® + b*)] + 2a cosft,]+2b cos[at]+ab cosla(t -t )"

If the logarithm of the power spectrum is transformed instead of the power

Earthquake focal depth phases; P, pP and sP.
Earthquake depth (H) is marked with dotted line.

spectrum (whitens the spectrum used for the cepstrum)

Depths from pP and sP delay times

Depth Estimation

I ——

aftershocks. (t o —t ) =2h.n ~ wave velocity P
el p - 11 11111 o
(tsp _tp) =h (ﬂp _775) v=Ray parameier:#:%, N wave
P
=incidence angle (take off angle) U
t ot i=inci
|-|=M 1 Mr ]TITIIMTT Seismic signal
4 e e
el 2, (1 .
. DBO N P 2 _ —
A BBQ a h = source depth .
y o 5 n'=slowness a
\ 2
S Duwval Main Shock ! Re A h:(tsF —t) 7= 1 . |
< \ MHOG 150 0 150 Kisometers 2 ”
4 Stations_Duvall Mp +1s s IS R
Event 96050323143
Duvall events - Mag vs. Depth
WL=10 Event 96060107221
oL=70
1 BP 1-4Hz NLO Bandpass filtered (1-4Hz)
i — | — [
Time sec Time (520 e
depth Vs magnif | e ey Time (séc)
(catalog information prepared by thePNSN) swon=vee QL0 < ‘Siaton=VBE / 1
Red square shows the main shock (Mw=5.1) Sl Faog Cepstum |
| Timete) X “Time sec) -l e . Peak at 1.1 sec (distinguished)
Main shock Cepstral Stacking Analysis (for Vp~6.5kmis) Suggesting ~ 3.6 km (for Vp~6.5km) /
VRC .
0 Queterey ()
Crem Quefrency (see) Peak at 1.25~1.3 ~4.2km

5
wi=12

oL=10

Conventional

Peak at 2:5-2.6 sec is dominant
T=265eC gives ~8.45 kmforVp-6.5

Whiten Spectrum Approach (gets rid of the overflow numbers) pp and sP
Peaks at 1.3 sec (~4 or 4.2 km for average Vp=6 or 6.5 kmis) and 2.6
5ec(=7.8 or 8.45 km for average Vp=6 or 6.5 kmis)

7

DBO
Distance= 527 km,
Az=192

2.6 sec is dominant

Quetrency (sec) Quefrency (sec)

VRC
Distance= 604km
183

Conventional
Peak at 2.6 sec (7.8 0r 8.45 km
for Vp=6 or 6.5 kmisec)

HOG

DBO
Distance= 527 km,
Az=192

oL=70
Conventional

Peaks at 1.6, 2.3 and 2.6
2.6 sec is dominant

Quetrency (sec)

Selected Aftershocks

1- 96050323143 (Stations VBE and VTH)
2- 9606010722 (Station NLO)

(for Vp~6.5km/s)

Quetrency (sec)

SUMMARY

Main Shock
Peak generally observed at 2.6 sec
(~8.45 km for Vp=6.5 kmisec)
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CONCLUSIONS
=The Cepstral Stacking Method (CSM) provides accurate focal depths
from one or more regional stations (+/- 1 km or better typically).

* Product stacking generally is better than sum stacking to enhance
depth phase arrival times.

*CSM depth estimates can be calculated automatically or semi-
automatically for regional recordings

+CSM depths help identify active faults accurately and can be used to
determine surface trace of the fault rupture.

+Uses of CSM depth calculations for one or more regional recordings
include more accurate hypocenters of events, fault rupture geometry
from multiple aftershocks, and discrimination between shallow
explosions and crustal earthquakes
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