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LE TRE COMPONENTI DI UN SISMOGRAFO

Inertial mass

La componente verticale (in alto) e le due orizzontali (in basso)
[Bolt, 1993]
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TABLE 2

Basic parameters of some morc common instruments

Instrument type Free period Magnification

Scismometer Galvanomcler

T, (s) T, (s)
Benioff, SP (WWSSN)' 1.0 0.7
Grenet-Coulomb 1.4 0.7 ~10
SKM-3 1.6 0.4 2 x 10

flat for T< 08 s

Willmore 1.0 0.3
S-13 0.75-1.1
Wiechert, 1000 kg 10 ~200 at 10 s
Milne-Shaw 10 ~300 at 10 s
SK 10-25 ~1.0 constant 1-10 s
Benioff, LP 1.0 90
Press-Ewing (WWSSN)! 15 100 ~10
Galitzin 10-15 10-15 ~10?
Kimos 22 80 ~10°

U WWSSN stands for World Wide Standardized Scismograph Network
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FIGURE 5.11 Schematic of the leaf-spring seismometer and system configuration invelved
in medern broadband digital seismographs. The Streckeisen STS-1 leaf-spring seismometers
are attached to feedback electronics that adjust to minimize actual motions of the mass.
The electric eurrents produced by the feedback are digitized, synchronized with time signals,
and electronically filtered and recorded. These systems can reduce instrument noise by
factors of 20-40 dB relative to GDSN-generation equipment.

IRIS GSN

-200

19
3
o

- Equivalent Earth Peak Acceleration (20 Log
"I

10,000 100,000

o
-
-

i0 100

1,000
Period (seconds)

FIGURE 5.13 The range of ground acceleration (in dB) and peric of ground motions spanned
by the very broadband seismic system of IRIS Global Seismic N twork (GSN) compared with
capabilities of the WWSSN instrumentation and expected gro'*1d accelerations from magni-
tude 5.0 and 9.5 earthquakes at a distance of 30° (angular distance) and from Earth tide
motions. GSN-type instruments have become dominant for _Iobal seismic reccrding since
1986, (From Incorporated Research Institutes for Seismology, 1991-1995.)
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sizes at three distances. (Frorn Heaton et al., 1988.)




Box 5.2 Complete Ground Motion Recording

This chapter has focused on seismic instruments designed to record transient
ground motions, but we must analyze other important ground motions to under-
stand dynamic processes in the Earth. To address displacements caused by
longer-term processes, specialized instruments like LaCoste accelerometers have
been used to observe directly gravitational changes associated with mass redistribu-
tion, and strain and tilt meters have been developed to detect gradual displace-
ments along faults and on or near volcanoes. Figure 5.B2.1 shows the types of
ground motion and corresponding phenomena of interest that can be measured at

different frequencies.

LaCoste Terrascope _m_
Acceleration \_
Displacement Continuius OPE . v v as iy
vaity Abs. grav. LaCoste
EDM
Strain L'.'.' Laser Strain
Leveling
Titt ! “ew Long - base tilt
L | i ] i i i i { ] i
10°® 106 107 1072 10° 10°
Wave propagation
: Dynarmic_rupture
Afterslip, slow rupture
Tides
Unsteady strain
Secular strain
EE————— Phenomena of Interest
L i i L L L ] L 1 i i
10°® 10 107 1072 10° 10?

Frequency (Hz)

FIGURE 5.B2.1 Various ground-motion measurements and corresponding phenomena that

can be studied using a variety of instrumentation. (Courtesy of D. Agnew.)
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Unusual “Love Waves” Heoardéd Above the
Cascadia Subduction Zone

John F. Cassidy
Art Whitford

Geological Survey of Canada

SHORT NOTE

On January 11, 1996 an extremely unusual recordin was

made by the Geological Survey of Canadas seismograph net-
work. We have identified the source, and, to our knowledge, this
is the first recording of its type. The purpose of this short note is
to document this extremely rare seismogram.

On January 11, 1996 at approximately 3:45 rm local time
(23:45 UT), the emergent onset of a significant seismic
event was noticed at the station ALB of the Western Cana-
dian Telemetered Network (WCTN). This seismic station,
operated by the Geological Survey of Canada, is located on
central Vancouver Island, above the Cascadia subduction
zone. It consists of a short-period vertical seismometer bur-
ied in a concrete vault, in a quiet wooded setting (Figure 1a).
The instrumentation is not far from a local school on the
ourskirts of Pore Alberni, British Columbia, The digital seis-
mic signals are telemetered to the Pacific Geoscience Centre
(PGCQ) in Sidney, 125 km to the SE, where they are moni-
tored continuously by scientists and technicians (Figure 1b)
of the Geological Survey of Canada. _

This seismograph station records approximately 150
local earthquakes, 100-200 teleseisms, and several dozen
local blasts each year; however, it was obvious to the techni-
cal and scientific staff at PGC, that although the earth was
moving in Port Alberni this was no ordinary carthquake.
There were several enigmas. The large-amplicude signal was
only present at ALB—not on any o% the other seismograph
stations of the WCTN, even those within 20 km of this sta-
tion. Furthermore, after one-half hour the signal showed no

sign of abating. Seismologists computed a coda m nitude in
excess of M = 6.8, yet the amplitude ofdd-mg sx'gaaf indicated
a body-wave magnitude of only 1.2, and the moment mag-
nitude was only 0.2! Seismologists noted that the dominant
frequency of the signal was nearly 1 Hz, and after correcting
for the instrument response, computed a peak vertical accel-
eration of 10 em/sec® (0.01 g) and a peak ground velocity of

tm modeling suggested a single-couple
source. And still the signal showed no sign of abating.

At 4:15 pi the intensity of the disturbance increased
significantly (Figuse 2), The staff, recalling that the station a
ALB had been vandalized a number of times over the years,
became concerned that someone might be trying to break
into the concrete vault that protected the seismometer. The
decision was made to. phone th ent of the
Royal Canadian Mounted Police (RCMP). Officers were dis-
patched to the scene immediately. As the seismograph sta-
tion was located very near to a public school, 2 phene call
was also made to the school office. Fearing vandals, the
school principal enlisted the help of the janitor and the sec-
retary; all rushed to the scene. At the Pacific Geoscience
Centre, an ever-increasing number of technicians, scientists,
and even a few passers-by, watched in amazement as the sig-
nal increased in amplitisde, At 4:28 pi, just when it looked
like the seismograph needle might brea, the signal suddenly
stopped (in stark contrast to the very emergent onset of this
event), Scientists later confirmed that 4:28 pum was the exact
time that the RCMP officers and the school staff arrived at
the site, where they found a young couple (oblivious to the
fact that their every move was being monitored by the staff
at PGC, some 125 km to the southeast) generating mad pas-
slonate "Love waves' on the flat surface of the seismic vault,
in the quiet wooded setting located above the Cascadia sub-
duction zone.
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@ Stations Installed
A Future sites planned

FIGURE 5.15 Global distribution of Project GEOSCOPE stations by the end of 1880. STS-1
seismometers are located at all stations, but slightly different recording eharacteristics
are used at different sites. (Modified from Romanowicz et al., 1891.) '

FIGURE 5.16 Global network of very broadband seismometers planned for the end of the
twentieth century, composed of various international network deployments. (Courtesy of R.
Butler.)






