THE LOMA PRIETA, CALIFORNIA, EARTHQUAKE OF
OCTOBER 17, 1989

Report of the NZNSEE Reconnaissance Team

R.B. Shephard!, P.R. Wood?2, J.B. Berrill3,
N.R. Gillon4, P.J. North5, A.K. Perryé, and D.P. Bent’.

SUMMARY

This report on the Loma Preita
earthquake itself, its effects on
Francisco in particular, and reports
the effect on local communities.
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1. INTRODUCTION

In late September 1989, a New Zealand
National Society for Earthquake Engineering
five-member reconnaissance team travelled
to the Union of Soviet Socialist Republics
to visit the site of the devastating
December 7 1988 earthquake at Spitak,
Armenia. On the return journey, the team
stopped in London to have discussions on
shared findings in Armenia and future
cooperative earthquake reconnaisance with
members of the European Earthquake Field
Investigation Team organisation, and again
in San Francisco for similar discussions
with the Earthquake Engineering Research
Institute (EERI). This meeting in San
Francisco took place on Monday 16 October.
The following day team members followed
their own interests, some visiting the
University of California, Berkeley and the
Earthquake Engineering Research Centre at
Richmond, some making contact with the
United States Geological Survey, and
shopping.

Thus when the Loma Prieta earthquake struck
at 5.04 pm on Tuesday 17 October, the team
were scattered around various parts of San
Francisco City.

Each team member had a different
experience. One 1in a basement bookshop
felt a small earthquake, noticed some books
fall, went on to complete the purchase but
couldn't do so because the electricity
power supply stopped. Nearby, another team
member was in the ground floor of a parking
building, felt dizzy, realised it was an
earthquake movement, panicked, and then
sought a safe place of refuge and observed
reaction. These two members coincidently
met shortly afterward and together walked
through the «city observing damage and
volunteered and assisted San Francisco City
officials with initial building inspections
late into the night. Another member was
walking up Powell Street (Cable-car fame),
felt jolting, noticed a reaction among
people in the street, observed puffs of
dust from between pounding buildings, heard
glass breaking, and found himself in the
centre of the street. The team
"accountant” was on his knees counting
money on his hotel bed when he heard the
sounds, felt the motion of the building and
sought refuge in the doorway. The
seismologist member of the team, shopping
on the ground floor of a six-storey
building was walking about, felt the P wave
motion and then the S waves, carried out an
instant assessment of the earthquake and
observed the deformations in the building,
finally egressing into the street clouded
with dust from the pounding buildings along
Market Street.

The earthquake motion experienced was very
distinct but did not cause difficulty in
standing. It seemed to be of about 15
seconds 1in duration. The reaction of
people ranged from concern, suppressed
excitement, some loudly expressed emotion,
apparent distress, but not panic. Many
seemed to congregate in open spaces and
stand around. The lack of electricity in
the central city had a most pronounced
effect on activity, particularly on
transport and later in simply leaving the



city in darkness.

There was a complete, prepared,
reconnaissance team right on the spot, safe
and unharmed. Most of the «city could

function in some restricted form; in some
areas there was incredible disaster and
devastation, and there was sufficient
effect to be of significant technical
interest.

The team comprised Bruce Shephard, building
structural engineer, Peter North, civil and
bridge engineer, Neil Gillon, 1lifelines
engineer, John Berrill, geotechnical
engineer and engineering seismologist, and
Peter Wood, geophysicist. The team was
joined by Alan Perry, architect, and kept
close contact with a New Zealand Civil
Defence team (Doug Bent, Brian Toomey and
Margaret Laird) and DSIR physicist, Bill
Stephenson with interest 1in soft ground
earthquake amplification effects, who all
travelled to San Francisco shortly
following the earthquake.

In the days following the earthquake, team
members individually and collectively
followed lines of reconnaissance interest,
joining American counterparts in
inspections and evaluations of bridges,
building, lifelines and ground damage as
part of groups and with counterpart
contacts established with EERI, the United
States Geological Survey and several local
authorities.

Being pre-conditioned for earthquake
reconnaissance and having no local business
commitments was of great benefit in
undertaking wide ranging inspections and
obtaining good overview appreciation.

The following reports the observations and
data obtained by the team from their
reconnaissance in the week following the
earthquake and includes background from
various sources. It was not possible for
the team to stay 1longer and undertake more
detailed investigations having already been
away from New Zealand some 4 weeks. It is
realised that some content of this report
may be superseded as more detailed
technical evaluations are published.

2. GEOLOGICAL - SEISMOTECTONIC SETTING

The Loma Prieta earthquake takes its name
from the highest elevation (1157m) in the
Santa Cruz Mountains, which lies within the
epicentral region. The Santa Cruz
Mountains form part of California's Coastal
Range province, to the south of the base of
the San Francisco peninsula, and north-east
of Monterey Bay. Loma Prieta is
approximately .100km south-east of San
Francisco City~ (Fig. 1).

The San Andreas Fault Zone runs
northwest - southeast through the Santa
Cruz Mountains. The fault zone is part of
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the diffuse transform fault system that
seperates the Pacific tectonic plate from
the North American plate. Relative
movement between the two plates, estimated
presently to be 56mm/yr, has juxtaposed
differing basement rock types on either
side of the San Andreas fault. To the east
the exposed metasedimentary rocks of the
Franciscan Complex are probably underlain
at a depth of about 5km by associated mafic
volcanics. To the west, granitic rocks are
exposed in the mountains north of Santa
Cruz, but the intervening folded Tertiary
strata may be underlain at a depth of
5 - 10km by mafic crystalline rock (Bailey,
1966; Staff USGS, in press).

The basement rocks of the region are
overlain (according to Lajoie and Helley,
1975) by late Pleistocene alluvium
(10,000 - 70,000 years old), Holocene
alluvium (0 - 5,000 years old), and
Holocene esturine deposits (0 - 9,000 years
0ld). The late Pleistocene alluvium is in
the main slightly consolidated and
indurated alluvial fan deposits consisting
primarily of gravel and sand with some
silt; maximum thickness is at least 45 m.
The Holocene deposits are all poorly
consolidated. They have been
differentiated as:-

Bay Mud - water saturated esturine
mud, predominately clay and silty clay
underlying mashlands and tidal

mudflats of San Francisco Bay,
occasional lenses of well sorted fine
sand and silt, occasional shelly and
peaty layers, 0 - 40m thick.

Fine grained alluvium - plastic,
poorly sorted carbonaceous clay and
silty clay, interfingers with Bay Mud
and coarse grained alluvium, generally
less than 5m thick;

Medium grained alluvium - loose,
moderately drained, moderately sorted
sands generally less than 5m thick;

Coarse grained alluvium - loose, well
drained, moderately sorted, permeable
sand and gravel, up to 15m thick.

The distribution of the poorly consolidated
deposits has a significant relationship to
the distribution of damage due to the Loma
Prieta earthquake. Such a correlation had
already been noted for damage from the 1906
San Francisco earthquake.

California is characterised by high
seismicity, on a world wide scale. This is
because of the location of the State on the
boundary between the Pacific and North
American plates. The relative movement of
the two plates causes accumulation of
strain in the crustal rocks. Strain
release is in the main by earthquake and
associated fault slip. A close correlation
exists in California between shallow
historic seismicity and mapped surface

1
deformation, including:

development of the elastic rebound theory by H.F.

Loma Prieta has been associated since

1884 with geodetic measurements of crustal
the measurement of slip in the 1906 San Francisco earthquake; the

Reid (1908); and currently, monthly

geodetic measurements, which, although not showing a significant precursory signal for the
Loma Prieta earthquake, enabled modelling of the coseismic dislocation.
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FIGURE 1 LOCATION OF THE LOMA PRIETA EARTHQUAKE, CALIFORNIA.



LOMA PRIETA MAINSHOCK and AFTERSHOCKS:

Oct 18-30 1989
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FIGURE 2 DISTRIBUTION OF AFTERSHOCKS OF THE LOMA PRIETA EARTHQUAKE (FROM

PLAFKER AND GALLOWAY, 1989).

faulting, in contrast to New Zealand which
has a similar, but not identical, tectonic

setting (Scholz 1977, Yeats and Berryman,
1987).

3. THE LOMA PRIETA EARTHQUAKE SEQUENCE

The Loma Prieta earthquake sequence
commenced at 17hrs 04min 15 secs, 17
October 1989, Pacific Daylight time, with
an epicentre location of 37°02 N, 121°53'W.
The crustal rocks ruptured from a depth of
about 18km. During the next 7 to 10 seconds
the rupture propagated upwards to within
4km of the ground surface and to the
northwest and to the southeast for some
20km, ultimately involving slip on some 300
square kilometres of buried fault surface
area. The magnitude of the earthguake has
been calculated to be 7.1, from surface
wave observations from around the world
(Plafker and Galloway, 1989).

The main and aftershock locations define
the rupture surface (Fig. 2) which dips
some 70° to the SW. The right lateral
reverse oblique slip caused geodeticaly
detectable horizontal and vertical
displacement of the ground surface (Fig 3).
The rupture surface is believed to coincide
with the San Andreas fault, rerupturing the
southernmost segment of the fault break of
the San Francisco earthquake of 1906
(Plafker and Galloway, 1989).

After shocks included two events near M5
within 48 hours, all others were of smaller
magnitude. The number of aftershocks
greater than M3 decreased with time,
closely following a pattern typical for a
Californian sequence (Plafker and Galloway,
1989; Fig 4).

The San Andreas fault has a creeping

segment, between San Juan Bautista and
Parkfield, that produces numerous small
earthquakes. Immediately north of this

segment the fault has been relatively
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FIGURE 4

NUMBER OF M 23 AFTERSHOCKS PER DAY

FAULT DURING THE LOMA PRIETA EARTHQUAKE (AFTER PLAFKER AND
GALLOWAY, 1989).
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TIME DISTRIBUTION (LOGARITHMIC) OF AFTERSHOCKS (DOTS) OF
MAGNITUDE (M) 3 OR GREATER OF THE LOMA PRIETA EARTHQUAKE. CURVE
IS OF EXPECTED CALIFORNIA AFTERSHOCK TIME BEHAVIOUR, AND SHOWS
CLOSE AGREEMENT (FROM PLAFKER AND GALLOWAY, 1989).






