- Best
Available
C opy



AD-761 580
IDENTIFICATION OF EARTHQUAKES AND
UNDERGROUND EXPLOSIONS

Eugene Herrin

Southern Methodist University

Prepared for:

Air Force Office of Scientific Research
Advanced Research Projects Agency

February 1973

DISTRIBUTED BY:

National Technical Information Service

U. S. DEPARTMENT OF COMMERCE
5285 Port Reyal Road, Springfield Va. 22151




AD 761580

AFOSR - TR- 73 -1008

SEMI ANNUAL REPORT
AIR FORCE OFFICE OF SCIENTIFIC RESEARCH

for

GRANT 71-2133 B

IDENTIFICATION OF EARTHQUAKES AND

UNDERGROUND EXPLOSIONS
@ ~ |

suu,géi 80—46 L (
X

Department of Geological Sciences
Southern Methodist University

February, 1973

NATION,
NAL TECHNICAL
INFORMAT!ON SERVICE

S Department of Com
Springfield VA ﬂlg'l"“

Eugene Herrin, Professor
Principal Investigator

A.C. 214/692-2760

die ¥t aleads
Approved ° *or pub
Aistribulion wolinitode




Sccurity Classification

DOCUMENT COMTROL DATA - E& D

(Secowity classilicotion of title, hody ol abstract vt indesing onpotation must be entercd whon the overall report i claseitied)

F ) ORIGINATING £CTIVITYY (Lomorete author) Sx REPORY SECURITY CLASSIFICATION
So:chern Methodist Universaty ; UNCLASSITIED
Department of Geological Scicnces . b,

Dallas, TX 75275

. REPORY TITLE

Identification of Earthquakes and Underground Explosions

A T ESCRIPTIVE NOTES (Type of report and inclusive dates)
¥cientafic.......Interim

% QAU THORS) (First nume, middle initial, 1ast namce)

Dr. Eugene Herrin

6. REFORT BATE i 7m, TOTAL NO. OF FPAGES 75. NO. OF REFS

February 1973 <313 3 0
8. CONTRACT OR GRANT NO. 98, ORIGINATOR'S REFPORT NUMBE R(5)
AFOSR-71-2133 :
b. PROJECT NO. SMU 80-46 :
A0 1827
c. sb. OTHUR REFGRT nNOS) (Any other ruabers that ray be assigned
this report) 5 PG" - D
62701D WSk - TR-783-100 8

10. DISTRIBUTION STATEMENT

Fompmated faw pabldh saslonpe v
- £ ]

O .
h g el

w3 At s,

11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

ooe 2. Pamamieakh D
VR AN LI LA e e A

I o
j a8 vilrLiwe vl

i / 1 1400 Wilson Boulevard
ECH, OTHER - i
i e 2 ﬂI Arlington, VA 22202

13. ABSTHACT F
this is a report of the progress of our research on this grant for the first six
months of FY1972-1973. The research has been concentreted in several areas. Firscly,
investigations of Rayleigh Wave dispersion over a continental path have shown 2
dispersion wave stability that has enabled the development of "chirp" (or matched)
filter techniques. When suitebly constructed these “ilters permit the detectien of
surface waves with low signal-to~noise ratios, and cnable the scparation of mixed
events. Secondly, array processing techniques in frequency-wave-number spacds have
been significantly improved. Thirdly, a method has been described for corrvecting the
bias in the estimation of body wave magnitudes (mb'. And, fourthly, two-dimensional
model ctudies have v2en useC to corroborate ‘heore“ical predictions of suriace wave
spectra for an oceanic upper wantle model.

M T T ey ———
D ‘F.?onr.J 473 e UNCLASSIFLLD

I Secunty Ciassification

s

i
'
i
i
i

e .

S

RNPNER- TS

o R i

SRR




SEMI ANNUAL REPORT

ARPA Order No.: 1827-1

Program Code: 2F10

Name of Contractor: Southern Methodist University
Effective Date of Grant: 1 July 1971

Srant Expiration Date: 30 June 1973

Amount of Grent Dollars: $179,739

Grant Number: 71-2133 B

Principal Investigator: Eugene Herrin

Program Manager: Truman F., Cook
Director
Research Administration
AC 214/692-2071

Tit.e of Work: Identification of Earthquakes
and Underground Explosions

University Account Number: 80-46

Sponsored by
ADVANCED RESEARCH PROJECTS AGENCY

ARP2 Order No. 1827-1

x4

[




CURRENT RESEARCH

Rayvleigh Wave Dispersion

Our studies using long period data recorded in north-
east Texas have shown that a wave guide for long period
Rayleigh waves exists from China and the southern border
of the USSR to Texas. We have determined group velocity
dispersion curves for a number of Rayleigh waves which
have traveled through this polar wave guide. Largely
through the efforts of Dr. William Tuck2r, a new and highly
effective method has been devised for estimating the group
velocity dispersion curve from ¢igitized time series.

Figure 1 shows the date points obtained from Rayleigh
waves for an event about 900 im north of Norway. A trunca-
tion and smoothing technique was used to produce, from the
data in figure 1, the group velncity dispersion curve shown
in figure 2. Results for three other events are shown in
figures 3 through 8.

These four dispersion curves are very similar, particu-
larly at periods greater than 30 seconds. In fact, we
cannot tell whether the ohserved differences in these curves

result from statistical fluctuations in the estimates or
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real differences in velocity along the propagation path,
Chirp-filter Techniqu:s

Because of the uniformity of group velocity dispersion
within the polar waveguide, particularly at longer periods;
and the broad-band nature of the Rayleigh waves, "matched"
or chirp-filter techniques should be particularly effective
on data recorded at our northeast Texas site. We combined

the data from the four events shown in the preceding section

T ——

(Fig, 1-8) and computed a composite group velocity disper-

sion curve (Fig. 9). A program was written which will
design a chirp-filter from this composite dispersion curve

based on the estimated epicentral distance to the suspected

event,

Figure 10 shows the application of this filter to the
time series for one of the events used in calculating the |
composite dispersion curve. The lower trace shows the filter
output, properly aligned with the input series, which ideally
should look like an auto-correlation function centered at
the beginning of the Rayleigh wave. Figures 11 through 13

show the time series and filter outputs for the other three

events used to compute the composite dispersion curve. 1In

all of these figures the data was plotted so that the

10
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largest excursion was full-scale; therefore, any improvement
in signal-to-noise ratio must be estimated by examining the
reduction in noise., Thus the maximum amplitude of the
signal or the filtered output is fixed.

Figures 14, 15 and 16 show similar results for sources
in the USSR which are nowhere near the events used to con-
struct the filter. These figures show that the same filter
is effective for widely separated sources in the USSR,
Figure 17 shows the filtered output from a small event,
about 110 km deep, in the Hindu-Kush, Although the Raviecigh
wave, is hardly discernible on the vertical records, the
arrival is clearly seen on the filtered output, These
studies show that chirp-filter techniques can be expected
to give signal-to-noise improvement of as much as X3 for
Rayleigh waves propagating through the polar wave guide.

Separating Mixed Events

Mixed Rayleigh waves resulting from multiple sources
close together, refle~tions or multipathing are very diffi-
cult to separate, even when data from large arrays are
available. If these arrivals are separated by times
greater than 50 to 100 sec, the Chirp-filter technique may

be useful in separating the arrivals. Figure 18 (lower

16



















trace) shows the filtered output for a small event from
the USSR-Mongolia border region. Due to, either a multipie
source, or reflections, or multipathing, there are two and
possible three Rayleigh wave arrivals shown on the filtered
trace. The first and largest of these signals occurs pre-
cisely at the expected arrival time of the fundamental
Ra;i2igh wave (as reported by NOAA) from this event. Fig-
ure 19 shows the results for another event from the same
region; again there are two arrivals. We do not understand
the reason for these multiples; this region is the only one
where we have observed this phenomenon. The results; how-
ever, show that the chipr-filter technique applied to
broad-band, long period data can be effective in separating
mixed Rayleigh waves from proximate sources.
Array Pfocessing Techniques

We have generated the principal components of a major
software system for continuous general analysis of array
data. The syste, called FKSCAN, transforms successive
blocks of array data to the frequency-wave number domain
and explores that space for correlations. The powerful ad-
vantage of transforming array data from time and physical

space into the frequency-wavenumber domain is that, quite
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generally, correlations are automatically separated and
sorted according to frequency, velocity, and azimuth per-
mitting detection and description of signals not readily
discerned in time and physical space. Further, spatial
filtering is markedly facilitated in transform space and,
as one consequence, large overriding signals may, in effect,
be "turned off" after the fact to permit the detection of
much smaller simultaneious arrivals, FKSCAN, after trans-
forming and exploring each array data block, filters and
removes the principal energy peak thus detected and
searches the transform space once again for any small,
hidden signals,.

FKSCAN then outputs a bulletin for each data block cit-
ing detections and printing out the power spectral estimates
of those signals, For each such signal there are also out-
put spectra of phase - velocity, back azimuth, and F-statistic
as functions of frequency. (The F-statistic is a measure of
the likelihood that detected correlations are genuine; i.e.,
not due to chance combinations of noise),

An auxiliary program called FKPLOT has been written
which outputs contoured printer plots of cross-sections of

frequency wavenumber spectra cut normal to the frequency

<a
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axis. An example of such spectral cross sections is given
in Figure 20. The origin of k-space is at the center:; the
plot extends out to 0.13 cycles/km at the edges. The pro-
minence at the lower left is infrasonic energy from the
South Pacific as recorded at Grand Saline, Texas; 4 July,
1970. The vector from the origin to the peak indicates
the phase-velc-ity and baék azimuth: 331 m/sec, 217 degrees.
Estimating Magnitudes

A method for correcting the bias in Mb estimates has
been described in a technical report to AFOSR. This report
shows that observations from any seismological network lead
to overestimation of the magnitude of seismic events which
are near the detection threshold of that network. Methods
are presented for calculating this magnitude bias. Consider-
ation must be given to this effect in comparing networks with
significantly different thresholds; in comparing theoretical
and empirical estimates of network capability and in determin-
ing the source energy of small seismic events.

Model Studies

A two-dimensional model composed of aluminum and various
thicknesses of vinyl has been constructed. Four discrete

velocity zones are scaled to represent the oceanic crust, a

25
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dipping lithosphere, a low-velocity zone, and a high-velocity

mantle. Piezo-electric crystals are being used as source
and receiver; and model seismograms are being recorded and
digitized. The model is scaled such that Rayleigh wave
energy in the range 20 to 200 kilocycles represents periods
in the Earth of 10 to 100 seconds.

Figure 21 is a model seismogram from a surface vertical

force showing that Rayleigh waves propagating over the later-
ally homogeneous portion of the model yield smoothly dispersed
wave trains, encompassing the same period range as real Ray-
leigh waves. In addition to surface sources, horizontal and
vertical fecrces have been located at scaled depths of 50 and
250 kilometers in the laterally homogeneous portion of the
model. Spectra from the resulting Rayleigh waves compare
closely with theoretically predicted spectra for an oceanic
upper mantle model. For example, Figure 22 shows the Rayleigh
spectrum for a3 horizontal force at a scaled depth of 250
kilometers and a scaled distance of 24°, The solid-lined
spectrum was calculated from the model seismogram and the
dotted curve is a theoretical spectrum for the same depth

source orientation taken from Harkrider and Anderson (1966)

after adjustment for the model source spectrum and for the

<7
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model attenuation characteristics. The two spectra are
almost coincident in the passband 30-100 seconds, indicating
that model and theoretical results for laterally homogeneous
source areas and travel paths are mutually supportive.
Below a period of 30 seconds; the model signal spectrum
becomes lost in the noise

The next step will be to locate sources at the same
depths in the downward bent lithospheric wedge. Comparison
of the resulting Rayleigh spectra with those previously
derived for sources in laterally homogeneous zones should
determine whether or not the downgoing lithosphere acts as
a waveguide to the surface for shorter period energy; and
consequently determine to what extent theory based on
laterally homogeneous media is adequate to predict spectra

in more realistic earthquake source areas,
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