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SOURCES OF MICROTREMORS

Wave propagation principally as
surface waves

*0.05-0.5 Hz : Meteorological -
(eg wave action)

*1-30 Hz : Cultural -
vehicles, trains, machinery
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INFORMATION CONTENT OF
MICROSEISMS

spectral maxima indicate
resonances which may be used for
earthguake-risk site classification

ephase velocity gives thickness and
shear-strength of sediments




INFORMATION
CONTENT OF
MICROSEISMS

espectral maxima
Indicate resonances
which may be
earthquake risks

sphase velocity gives
thickness and shear-
strength of sediments

NAKAMURA
VS
OKADA?




INSTRUMENT FOR ARRAY SURVEY

A hexagonal
array frequently
used In
microtremor
studies In

Australia r=250m

< >

6 Vertical seismometers
1 central 3-axis seismometer

9-channel Kelunji recorder

Flagstaff
Geo-consu Itants




INFORMATION
CONTENT OF

MICROSEISMS
NAKAMURA

spectral maxima indicate

resonances which may
contribute to earthquake AN D

risk

OKADA!

phase velocity gives
thickness and shear-
strength of sediments
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MEASUREMENT OF PHASE
VELOCITY WITH AN ARRAY

*Beam-forming - good for sources
with defined direction (eg Liu et al
240[00)

Spatial auto-correlation or Spatially

Averaged Coherency (SPAC) -
good for omni-directional
sources
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PROCESSING OF ARRAY DATA

Spatially Averaged Coherency
(SPAC)

MONASH

«Compute Inter-station coherencies

spatially average around the circle




Spatial auto-correlation (SPAC)

- good for omni-directional sources

For a plane wave passing pairs of
stations, averaged in azimuth 0, gives

o(f) = /eikrd 6 = Jo (k.r),
wherek=2rf/C.

MONASH (Aki, 1957,1965)
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The simplest array of 4
stations, for SPAC
processing. Range of r
may be 5 to 100 m.

Flagstaff

Geo-consultants



COYOTE ARRAY GEOMETRY

(after Hortencia Flores)

Array of seven
seismometers
used In
microtremor
observations at
the Coyote Creek
(William Park)
site, Santa Clara
Valley CA.
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COYOTE
SPECTRA
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Spectral ratio H/V --->

ACCEL SPECTRUM: 2002.226.20.15.00.7883.1_200011035000 (Red — H: Block — W)
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COYOTE INTERP: BEST "BLIND” RESULT

Yelocity (m/sec)

Velocity Dispersion Curves for Model File: CoyPKapr Coyote Creek —Vp
—— . —— . . Interpreted Velocity Log PkDec2 —_—\/s

SPAC Vp
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Interpretation of velocities from SPAC data for the large array (300 m side-length). At
right is the interpreted layered-earth model produced “blind”, ie without knowledge of
geology or velocity logs in the borehole.

Superimposed on the layered earth model is the S and P-wave velocity logs, supplied
after completion of the “blind” interpretation.




COYOTE INTERP: BEST "BLIND” RESULT

.'r\le 173 m

® 2=300m®
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COYOTE INTERP: BEST "BLIND” RESULT

The process of
interpretation.
Curve fitting of
observed SPAC
coherency spectra
with modelled
SPAC spectra is
performed in
coherency space
(not in velocity
space as is done
in most other
papers on the
SPAC method).
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H/ Y RATIO: 2002.228.20.15.00.7883.1 _2000 11035000
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COYOTE SPECTRA

Ellipticity Clrve for Model File: CqyPKdecZ_inv
- H/V for model Pkl
PKdec?2 (the :

“blind’model) and
observed spectra
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COYOTE SPECTRA

- The failure of the “blind” model to match the H/V spectra
POSes questions requiring a re-interpretation of both the
SPAC and H/V spectral data. The following slides show a
modified layered-earth model which allows both SPAC and
H/V to match model and field observations. This second
phase of modelling was performed after geological and P-S

logs for the Coyote water bore were made available.




H/ Y RATIO: 2002.228.20.15.00.7883.1_2000 11035000

T

CLR1

COYOTE SPECTRA

- H/V “new”’model
PkaprO3e

Matches spectra
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COYOTE SPAC INTERPRETATION
PARAMETER SENSITIVITY STUDY

-Each layer velocity is varied by +- 5% or 10%, and the
change in the resulting fit of coherency spectra is computed
as an rms error, computed over a specified frequency band
(shown as the blue bar on following plots). The rms error is
shown as “StdErr=" at bottom right of each plot.

-It Is found that a change of order 10% in the rms error

corresponds to a significant mis-fit in the coherency curve
match. This allows estimation of error bounds on the
velocity Vs parameters for the layers.

-In other cases a change in a parameter gives rise to a
noticeable shift in one or more peaks or troughs in the
SPAC spectrum; a shift giving a visibly poor match is also
an indicator used for estimation of error bounds on the Vs
parameters for the layers.
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COYOTE SPAC INTERPRETATION
PARAMETER SENSITIVITY STUDY

-The following 3 slides show the value of layer 4 Vs is
exceedingly well resolved by the SPAC data, and must lie
In the range 420 to 460 m/s.
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COYOTE SPAC INTERPRETATION
PARAMETER SENSITIVITY STUDY

-The following 3 slides show the value of layer 2 Vs is well
resolved by the SPAC data for the smal triangular array,
and must lie in the range 219 to 241 m/s.
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COYOTE
SENSITIVITY
SUMMARY

(Black bars show
sensitivity ranges
for Vs, derived
from
perturbations of
each Vs in turn).
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