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Introduction and Summary

During the second quarter of this contract the automated
seismic ' ource depth analysis proccdure was further developed
and applied to seismic dat: This analysis was focused on
determining whether the use of the later seismic phases signifi-
cantly contributed to the ability to obtain depth determinations.
It was dc ronstrated that this analysis procedure does make con-
structive usec of the depth phase information contained throughout
the coda. This ability to utilize this additional depth phase
information will enable source depth determination for events
having poorer signal/noise ratios and/or recoided at fewer
stations, than is previously possible.

The Illinois Event of November 9, 1968 was analyzed to produce
depth estimates using different portions of the coda and using depth
phase information arriving from individual seismic phases (P,

PP, PPP or PcP). The success of these results as well as correct
depth estimates obtained using individual stations for which
previous cepstrum analysis was ineffective, indicates the potential
of the depth determination analysis procedure. We now discuss

these results in more detail.

Major Accomplishments

The seismic source depth determination procedure flow chart
in Figure 1 has been further applied to the I1linois Event for the
purpose of determining whether the depth phase information contained
in the later seismic phase 1s significautly enhancing ones ability

to extract seismic source depths. In Figure 2 is a portion of the



@ Cm— o e - ——— " ] i o ————————

MILTL -STATION SETRMTC
DATA, AND STALTON
TO SOURCE DISTARCLS

Y

ADIDST DATA 70 .
START AT PP-WAVE ONSLT

|

SELLCT CLESTRI DATA
SAMPLL LENGII AND CODA
LENGTIL 1O BIE ANALYZLD

}

SELLCT A NEW
DATA SAMPLE
DLENGTIE AND/OR
CODA LENGTH

COMPUTE THIE CEPSTRUN
FOR A DATA SAMPLL

\

COMPUTIE: CMF 1'OR
THIS CEPSTRUM

\

SELECT INITIAL TRIAL
SOURCE DEPTH

Y

OBTAIN TRAVEL TIMES TOR
GIVEN TRIAL DEPTH AND
STATION EPICENTER DISTANCES

SELECT A SELECT A
NEW DATA NEW TRIAL
SANPLL DEPTH

1 .

DETERMINE WHICH PROPAGATION
MODES AND DELAY TIMES ARL
EXPECTED 1FOR TUIS
. DATA SAMPLL

Y

OBTAIN THE MAXIMIM CME
QUTPUT WITHIN A GIVEN
TIME WINDOW OF TIE
EXPECTED DLLAY TIME

\

STORE THIS VALDE IN THE
OUTPUT TOR THIS TRIAL DEPTH

S
-3

A

Y.

PLOT TIH RESULTING OUTIUT
AS A FUNCTION OF DERTH

¥

Figute 1

A

TRAVEL TIME DIFFERENCES
FOR TIE FOLLOWING
PROPAGATION MODES:
pP-P, PP-P, pPP-PP,
PPP-P,nPPP-PVP,PcP-P,
pPcP-PcP




Z 91Insd14g

\ET,,);/_,:,_T...>/>,:_J__;5 > p\,?./\/? )v ;,/7;“: >>..>.)

A Y vy %:,7/;:,_ I T

A NP 7...:“,\/.,:/&/ >>>> >>>>>> ;;_,, ;;; iR s o o A

A s e A IR T R A R 0 Ty Vo

.. .-

\ s
A A ;)\l..r.‘/ ! ~_L....,._._. ./>\/ g > 7> ; D.l\l
)WJM/_H,J.) Py ma AN 52; ,:, ._,.,__.__P___r hﬁ%ﬁd %(. AN o A VM et s

_uaplh et LA AL mc g, Ln Lpe

>

A

B lf>:;>>>>>7;3p> s A AN E,D> ?e>>? A s ANa A b :2?>>>> [i £

C IR R d ol A L A d asaiT A ARV ARG T sz gy

fee=cas o7 —H

. ] : o G
i’/,r.;:) M, J:_ﬂ__ :.;,:\/ ;>>>2z9>,:lm b./w.\.ﬂ?\/s_.,; br,ﬁ)\w?;\.{,b;)\\v
RN TS TH AT AT | ina't gz

0ol
IN-10k

of1d
AN-RH

oll
J479d

092
ARZHNA

o0
IN-dN

olh
W-a4



data analyzed. Even though it is possible to visually detect
the depth phase for this event, the results of the analysis will
clearly demonstrate the enhanced ability of this procedure to
extract depth phase information and to determine source depths
from data in which conventional analysis would fail.

In Figure 3 are the cepstrums computed from consecutive 12.8
sccond data samples along the coda of an individual station record-
ing of the Illinois Event. This shows complex and changing cepstrum
patterns, ecach containing depth phase information which the analysis
procedure constructively utilizes. We will show that by using the
data contained in only the later portion of the scismic coda that
depth estimates can be extiacted. If more depth phase information
is utilized, depth estimates will be obtained for cvents having
poorer signal/noise ratios and/or for events recorded at fewer sta-
tions. We next discuss the source depth estimate obtained using
various portions of the seismic data for the Illinois Event and de-
monstrate that the automated analysis procedure is constructively util
izing depth phasc information associated with later secismic arrivals.

In Figure 4 is plotted the cumulative CMF output versus
depth computed by the automated analysis procedure for two and
one half minutes of ¢ ‘a recorded at 6 stations for the Illinois
Event. The correct event depth is clearly indicated by the
dominant peak at ~25 km. In Figure 5 is the same analysis except
for the omission of the first minute of data. The correct depth
is again indicated by a dominant peak originating from the PP,
PPP and PcP seismic phases. Thus, it is possible to extract
depth estimates from only data far into the coda.
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In Figure 6a through 6d are cumulative CMF outputs versus
depth in km obtained from differential travel times associated
with the individual seismic phases P, PP, PPP and PcP. In cach
of these cases the correct depth of “25 km is obtained and
further demonstrates the ability of this automated depth analysis
procedurc to extract useful depth phase information from the
later scismic phases. The consistency of the stored differential
travel tiaes is indicated by the degree to which these depth
estimates agrcece.

The ability to utilize the additional depth phase information
available in the coda also enhances ones ability to obtain accurate
depth cstimates from fewer stations or cven individual stations.
This is partially duc to the fact that the normal station moveout
of the depth phasc required to identify the depth phasc occurs
along the coda with the different secismic phases for a single
seismogram. In Figure 7 is the cumulative CMF output versus
depth for the station PGZBC which, as can be scen in Figure 2,
is one station for which the depth phase is not usually apparent.
A reasonable detection of the correct depth is obtained even in
this case by this analysis procecdure. A more typical result for
the analysis of an individual station for the Illinois Event is
shown in Figure 8 where a very clear detection of the event depth
is obtained. The rcsults shown in both Figures 7 and 8 cannot be
obtained using a cepstrum analysis without incorporating the later
phase travel times. The results discussed in this report verify
the geophysical assumptions and analysis techniques which we have
incorporated into this automated depth extraction procedure and
there is every rcason to believe that this approach will signifi-
cantly increase the percentage of cvents for which accurate source

depth cstimates can be cbtained.
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