DETERMINATION OF EARTHQUAKE FAULT PARAMETERS
FROM LONG PERIOD P WAVES

by .
Gilbert Arthur Bollingewr, B,S,

A Digest Presented to the Faculty of the
Graduate School of Saint Louls University in
Partial Fulfillment of the Requirements for .

the Degree of Doctor of Philosophy

1967



DIGEST

Recent theoretical studles predict a "depleru
type” effect in the time duration of the elastic radias
tioh from propagaling sources, When applied to the
study of earthquekes, thls phenomenon offers the poss-
1bllity of estlmabing some of the caussl fanlt parvsmeters.
In thié Investigation the teleselsmic long period P wave
radiatlon from four large earthquakes is.studiedlin an
effort to detect and analyze any Dorpler-type effect
present in the waveforus,

Initial cbservational efforts consisted of
referencing the time demain behavior of the long perlod
P waves against thelr ep;centermtOwstatlon azimuths,
These studies revealed that, both in time Aduration and
in waveform characteristics, a Doppler=type effect
was prasent., They also showed that this effect was
relatively distandamindependent. One of the four
eafthqﬁakes studied, the Alaska aftershock of 02
hounrs, March 30, 1964, showed the phenomenon especially
well, The nodal plane geomebry for this shock was une
usually symmetrioal; that is, one plane was of near
vertical orientation and the obther was of near hori-
zontal attitude.‘ The P wave periods for this event
were observed to be systematicélly'longer in tine

duration for azimuths perpendicular to the verticsl
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nodal plane then for ézimuths’parallel to that plane,
Study of the P waveforus Sﬁawed that this temporal
extenslon-constriction effect was uniform throuvghout
the entire wavetrain,.
| A tine~domaln mode for the interpretation of
these: observationa was selected., Thls necessitated
extens;on of the exlisting theory and the formulation
of interpretational procedures, The extension of
theory was made by the introduction of the total time
of faulting (TT) as the fundamental variable, This
varlable, 7T, was studled theoreticully for various
fault plane orlenbatlons, fracture patterns, and frac—
turé velocities, The results of these studies show
that the P pulse lengthens in time duration as the
fault length increases and as the fracture veloclty -
decreases, The emltted pulses assume different
patterns of temporal behavior for unilateral and bi~
latersl fracﬁure patterms, Plnally, the azlmuthal
variatlon in pulse time is shown to be grestest in the
case of unllateral fracturing. For both unilatersl
and bilateral rupture this pulse time variastion is
greater for horizontal faults than for faults of
verticel orientation.

Continulng in the time domain, the effect of
the mantle path on the P pulses radlated from the
faults was implicitly taken into account by postue
lating several differeat waveforms as incldent at the

base of the receilver-crust, The recelver-crust and
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selsmograph effects were expliclitly considered by
convolving the incident pulses with the impulse re-
‘sponse of this crust-gelsmograph system, The time
duration of the resulting synthetic selismogramns could
then be'ralaﬁed_to the time duration of the incldent
pulses, Since these latter tiwe durations are cone
trolled by the caussal fault; a8 relationship between
the parameters of the source of the P waves and the
“obsexrved P waves is established,

The time duration of the first half-cycle of
the long period P waves from the previously menticned
four earthquakes were reduced by mesns of the observed
IT relationshlp of the incident waves, The multiplicity
of obsérving stations over~determines the solution (the
fault paremeters) and a least squares approach is em-
ployed 1n each case to select the fault length-fracture
-veloclity combination that best satisfies the observatio=-
nal data.

This interpretational procedure ylelded the
desired fault parameters for the four earthquekes
studied, The quantitative results so obtained were
fﬁund.to be In good agreement with the results ob=-
tained by other workers employing_differant analytical

techniques,



