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Introduction and Summary 

During the second quarter of this contract the automated 

eismic ource depth analysis procedure was further developed 

and applied to seismic dati   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 lonstrated that this analysis procedure does make con- 

structive use 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 Accomplishmejvts^ 

The seismic source depth determination procedure flow chart 

in Figure 1 has been further applied to the Illinois Event for the 

purpose of determining whether the depth phase information contained 

in the later seismic phase is significantly enhancing ones ability 

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



f 
SELECT A KBK 
DATA  SAMIM.H 

LBMCTH AND/OR 
CODA LBNCTll 

-r»-- 

SII.I;CT A 
HEM   DATA 

SAMPLE 

SELECT A 
NF.K  TRIAL 

DIPT II 

Hlll.l I -SI Al tm Si; I Ml 11: 
I1AIA,   AND   SIAI IdM 

TO sonuri; nisrAMi;:; 

I 
ADJUST   MAI A   TO 

START AT  I'-WAVi; OHSIiT 

I 
SELECT Cl.I'MltliM DATA 

SAHI'l.i;  LliN'RIH AND CODA 
LliNfiTTI   lü  Hi; ANALYZED 

coMPiiir. Tin; CEPSTWJM 
J-ÜU A DATA SAMPLE 

COMPUTE CMP I'OR 
Till5 CBPSTRUM 

StI-CCT INITIAL TRIAL 
SOURCR DEPTH 

OBTAIN TRAVEL TIMES rou 
GIVEN TRIAL DEPTH AND 

STATION ri'ICLNTLR DISTANCrS 

DETERMINE MUCH PROPAGATION 
MODF.S AND DELAY TIMES ARE 

EXHECTLU LOR THIS 
DATA SAMPLE 

OBTAIN TIM" MAXIMUM CMP 
OUTPUT K11II IN A GIVEN 
TIMf". WINDOW OF TUP 
BXPECTEP DELAY TIME 

STORE THIS VALUE IN Till! 
OUTPUT FOR TIMS TRIAL DEPTH 

PLOT THE RESULTING OUTPUT 
AS A l UM; I ION 01   DEPTH 

TRAVEL TIME  DIFFEREN'CES 
FOR THE FOLLO'.VINT. 

PROPAGATION MODES: 
pP-P,   PP-P,   pPP-PP, 
PPP-P.pT-PP-pi'P.PcP-P, 
pPcP-PcP 

Figure 1 



ST 

V. 

o s 

u 
o 

•> 

T' 

k 

s 

s 

;> 

P 

> 

„^ 

i 
? 

a 
•H 

^^ 1—o i^ 
3E o sr CD >-o 

1      CNJ i   -=r M   LO 

E * Q_ 
IHM 

PQO 
h>J Fs 
CD   CNI 

i   ^r 
^r o 

I     CD 
rr rH 



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 

second data samples along the coda of an individual station record- 

ing of the Illinois Event.  This shows complex and changing cepstrum 

patterns, each 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 seismic coda that 

depth estimates can be extracted.  If more depth phase information 

is utilized, depth estimates will be obtained for events 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 dc- 

monstratc that the automated analysis procedure is constructively util 

izing depth phase information associated with later seismic 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 c "a recorded at 6 stations for the Illinois 

Event.  The correct event depth is clearly indicated by the 

dominant peak at "tS  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 CMP outputs versus 

depth in km obtained from differential travel times associated 

with the individual seismic phases P, PP, PPP and PcP.  In each 

of these cases the correct depth of ~25 km is obtained and 

further demonstrates the ability of this automated depth analysis 

proccdurt. to extract useful depth phase information from the 

later seismic phases.  The consistency of the stored differential 

travel ti les is indicated by the degree to which these depth 

estimates agree. 

The ability to utilize the additional depth phase information 

available in the coda also enhances ones ability to obtain accurate 

depth estimates from fewer stations or even individual stations. 

This is partially due to the fact that the normal station moveout 

of the depth phase required to identify the depth phase occurs 

along the coda with the different seismic phases for a single 

seismogram.  In Figure 7 is the cumulative CMF output versus 

depth for the station PGZBC which, as can be seen 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 procedure.  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 results 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 reason to believe that this approach will signifi- 

cantly increase the percentage of events for which accurate source 

depth estimates can be obtained. 
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